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ENDOCRINE MECHANISMS INVOLVED IN WATER AND SODIUM 
METABOLISM DURING OPERATION AND CONVALESCENCE 
M. A. Hayes, M.D., Pu.D., R. J. Wituiamson, M.D.,* ann 
W. F. Hemwenreicu, M.D.,** New Haven, Conn. 


(From the Samuel C. Harvey Metabolic Unit, Department of Surgery, Yale University School 
of Medicine) 


INTRODUCTION 
N EXACT definition of the mechanisms involved in water and electrolyte 
metabolism as modified during and after operative procedures and trauma 
has never been made. The recognition that the early convalescent period is 
complicated by an intolerance for sodium and water has determined qualitatively 
the amount and character of fluids administered parenterally to patients. 
Observations on coincident sodium retention and increases in either plasma or 
urinary excretory levels of 17-hydroxyadrenocortical steroids during and after 
operation has led to the conclusion, perhaps without justification, that increases 
in these adrenocortical steroids produce a disturbance in sodium homeostasis. 
It is necessary to recognize that concomitant alterations in the normal con- 
stituents of the body do not imply of necessity that they are related causally. 
Water is essential for maintenance of normal physiology. It must be 
present in proper volume, distribution, and concentration. Inexplieable dis- 
turbanees in water metabolism without consistent alterations in electrolyte 
metabolism have been observed in many disease states. There are many evi- 
dences for similar disturbances after trauma or operation that are best attributed 
to some undefined or poorly delineated alteration in water metabolism itself. 
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Several instances of altered water metabolism are worth discussing. Expan- 
sion of the interstitial space in the postoperative period with complicated 
clinical courses has been observed in patients? even with water retention of a 
degree leading to convulsions.*® The neurologic complications become manifest 
principally within the first 48 hours after operation, are all associated with 
hyponatremia, and oceur in individuals who have received in excess of 2.5 L. 
of glucose in water within a 24-hour period prior to onset of the convulsions. 
This is not unlike the syndrome resulting from the simultaneous administration 
of water and antidiuretic hormone to experimental, nontraumatized ani- 
mals,'* 1% #8 #9 and in these cases may be reversible by the administration of 
sodium chloride.’® 4% °?:>7 In clinical material, since no abnormal electrolyte 
losses oceur and the urinary excretion of sodium is low, primary water retention 
could be an explanation. 

In patients free of endocrinologie or renal tubular disease, large volumes 
of urine with a low specific gravity are not seen in the immediate posttraumatic 
or postoperative period. This observation was made more than a half century 
ago.’ ** Such a physiologic oliguria takes place despite the administration 
of fluids in amounts ealeulated to provide a urinary volume of at least 114 L. 
a day. This erroneous calculation? was based on the assumption that water is 
metabolized and excreted postoperatively in an unaltered fashion and so pro- 
vided for the same excretory osmolar load as a normal diet, but with minimal 
renal concentrating ability and without azotemia. The demonstration to the 
contrary of primarily disturbed water metabolism postoperatively* ° began a 
series of studies® 1°: 2+: *3 which have suggested that some specific mechanism, 
presumably posterior pituitary antidiuretic hormone, might be active after 
trauma and operation, though identifying biologic proof and practical quantita- 
tion still are lacking. 

Except in situations associated with altered vascular permeability, one 
should anticipate a prompt postoperative decrease in body weight. Otherwise, 
abnormal water retention is occurring.*® *1 In instances of weight gain post- 
operatively, it can be shown to result from primary water retention with 
lowered serum osmolarity and serum sodium concentrations.’*® *® °° Addi- 
tionally, lowered serum levels of sodium are encountered postoperatively when 
no record of weight changes has been made.'* *°. °° The ineongruity of attempt- 
ing to explain low serum sodium levels when renal sodium conservation is 
maximal solely by alterations in pituitary controlled adrenocortical release of 
the 17-hydroxycorticosteroids?® **:?° is apparent. As investigations are pro- 
gressing some evidences of a dichotomy in response seem to indicate that sodium 
retention, water retention, and pituitary-controlled adrenocortical steroid re- 
lease are not related temporally.?* 2% °° 

An entity observed clinically and produced experimentally has _ been 
described as congestive atelectasis and has been attributed to the administration 
of intravenous fluids.22) The mechanisms involved were not defined, but the 
common features appear to have been a disturbance in water metabolism 
subsequent to operative trauma, though the pathologie physiology possibly 
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could be explained either as an abnormality in distribution or in total metabo- 
lism of water. It is apparent, nevertheless, that congestive atelectasis due to 
the intravenous administration of fluids is not seen in healthy individuals 
without prior trauma. In the investigations cited,?* all the experimental ani- 
mals had been operated upon as an integral part of establishing the recording 
apparatus. All the patients except one (diabetic coma complicated by menin- 
eococeal infection) were posttraumatic when the congestive atelectasis developed. 

Observations relating sodium retention to increased peripheral availability 
of hydrocortisone, which is presumed to be the principal metabolically active 
steroid released from the adrenal cortex by adrenocorticotropic stimulation, 
are suspect in view of the demonstration in animals®® that at very low and 
very high levels of availability this steroid promotes sodium retention; but 
throughout a wide range of intermediate levels it actually promotes sodium 
loss. Confirmation is suggested in man by an initial loss of sodium before other 
compensating mechanisms can be ealled into play, when hydrocortisone is 
administered intravenously in acute experimentation.** 

In animals a depression in renal function during anesthesia is characterized 
by decreases in urine flow, glomerular filtration, renal blood flow, and tubular 
reabsorption. The change is directly related to the depth of anesthesia and is 
promptly reversed by discontinuation or lightening of the anesthesia.’ Investi- 
gations carried out in the same manner during operative procedures on 
man* * *1; #2 disclose the temporary nature of the change in renal function and 
attribute it principally to intramural vascular changes (afferent glomerular 
arteriolar constriction) and afferent impulses arising from the operative site 
inhibiting water diuresis. The antidiuresis presumably is a hormonal reabsorp- 
tion of water since it may occur in the denervated kidney.** Since there appears 
to be unanimity among investigators that the change in renal function which 
does occur under these cireumstances is temporary, it would seem improbable 
to ascribe to it alterations in water metabolism enduring for several days. 

From the time that basic water requirements on the operative day and 
daily thereafter were estimated in the range of 3 L.,’ the emphasis has been 
toward a reduction in the amount to be given. It still remains customary 
practice, however, to judge daily postoperative water requirements at 21% L. 
administered at a rate of 500 ml. per hour. The rate is determined by the 
ability of the patient to metabolize the contained carbohydrate without gly- 
cosuria rather than the ability to metabolize the water itself. Usually, no 
electrolytes are given lest edema result from the iso-osmotie retention of water 
with sodium as it is retained under the influence of increased pituitary- 
adrenocortical activity. For these reasons, several aspects of water and sodium 
metabolism during operation and early convalescence seemed worthy of re- 
examination by investigations designed along several avenues of interest, such 
as mechanisms of antidiuresis, evaluation of insensible loss, and factors altering 
sodium metabolism. 

A STUDY OF ANTIDIURESIS 


The patients who served as the subjects were selected cases in so far as 
they were clinically free of endocrine or renal disease. Except for the controls, 
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each was subjected to an operative procedure of considerable magnitude, unless 
otherwise indicated. The control studies were made in patients hospitalized 
for observation and in whom no disease was discovered. Since the biologic 
identity of the antidiuretic hormone (ADH) is so difficult to demonstrate, this 
study was directed to uncover any consistent metabolic deviation in the me- 
tabolism of water that could be attributed to activity of the hormone with 
reasonable security. In order to dissociate increased pituitary-adrenocortical] 
activity from any other mechanism, one control patient was given a daily 
8-hour infusion of 1 L. of 5 per cent glucose in distilled water containing 15 
mg. of a low pressor content adrenocorticotrophic hormone (ACTH). On the 
fourth day, an infusion of the same composition was given at the constant rate 
of 250 ml. per hour over an 8-hour period (Fig. 1, A). As in all studies 
reported in this section, the test infusion was 250 ml. per hour of a solution 
containing 5 per cent glucose in distilled water; serum and urine osmolarity 
were determined on a commercial osmometer (freezing point depression) ; and 
urine flow was measured via dependent catheter drainage. From these three 
measurements, it is possible to caleulate osmolar clearance and ‘‘free’’ water 
clearance :°! 
— 
osm a Q 


“osm 


Cu,o0 = V a esis 


C X V, V = rate of urine flow (milliliter per minute) and 


Osmolar clearance is considered to be the amount of solute exereted expressed 
in terms of the volume of iso-osmotie fluid it represents. The volume of urine 
excreted represents this iso-osmotie fluid after either dilution or concentration 
has been effected, depending at least in part on the presence of ADH. ‘‘Free’’ 
water clearance, the difference between the two, is negative when water is 
heing conserved at the expense of solute. 

The effects of adrenocortical activity stimulated by exogenous ACTII 
(Fig. 1, 4) do not simulate the administration of ADH to either well-hydrated 
individuals or to those with prior fluid restriction (Fig. 1, B and C). With 
ACTH, there is no great change in serum osmolarity with the continuing 
imposition of the water load. There is an increase in urine flow, though the 
urine osmolarity remains relatively unchanged. These observations are clarified 
hy the observed clearances. The osmolar load to be cleared increases as the 
ACTH stimulation progresses. The water clearances become progressively 
more negative in a roughly parallel fashion, indicating that endogenous ADH 
is released in increasing amounts to conserve water as the obligatory osmolar 
exeretory load increases. In a well-hydrated patient undergoing diuresis from 
a continuing water load (Fig. 1, B), the addition of ADH (Pitressin) to the 
infusion reduces urine flow, raises urine osmolarity, decreases serum osmolarity, 
and promptly converts to negative a positive ‘‘free’’ water clearance. Since 
the operative cases to be studied were to have fluids withheld for 12 hours prior 
fo surgical trauma, ADH was started along with the infusion in the third 
control investigation (Fig. 1, (). At the very onset, prior fluid restriction had 
produced a slightly negative ‘‘free’’ water clearance and a high urine osmo- 
larity. With the simultaneous administration of the standard test infusion 
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and ADH, there was a slight rise in urine osmolarity, a precipitous decline in 
serum osmolarity, and no change in either urine flow or osmolar clearance; the 
already negative ‘‘free’’ water clearance became more negative, indicating large 
amounts of reabsorbed water accompanied by the serum dilution. 

It remained then to observe in patients undergoing major operative pro- 
cedures any deviations in the parameters established in the control studies but 
in which the operative routine of premedication, anesthesia, and operative 
trauma were the variables. Patients receiving intravenous fluids until a posi- 
tive ‘‘free’’ water clearance was established displayed a response characteristic 
of ADH administration to hydrated controls (Fig. 2). The low urine osmolarity 
rose to high levels, the serum osmolarity fell, urine flow decreased, and the 
positive clearance of ‘‘free’’ water promptly became negative. This pattern 
continued for at least 14 hours after the end of the operation and 5 hours after 
the infusion was stopped (Fig. 2, A) when the study was interrupted. 

If the patients were showing a negative ‘‘free’’ water clearance at the 
beginning of the operative routine, the changes were qualitatively the same 
(Fig. 3), implying the same antidiuretic mechanism(s) is (are) active, since 
the urine osmolarity either is high at the beginning and stays elevated or rises, 
the serum osmolarity falls, and urinary flow remains at a low rate. 

The serum osmolarity changes correlate extremely well with serum sodium 
levels (Fig. 7, A and B). These observations are recorded throughout the 
operative day and the first 48 hours postoperatively. The data illustrate the 
decrease in both measurements in 6 patients who received daily infusions of 
2,000 ml. of 5 per cent glucose in distilled water. On the operative day and the 
first postoperative day, the time for the infusion was 8 hours. On the second 
postoperative day, it was 4 hours. The graph indicates the extent of changes 
in the serum values and the gradual but incomplete returns toward normal 
values. It should be emphasized that neither the volumes given nor the rates 
of administration exceed routine dose and rate schedules employed in most 
institutions. 

Two patients with a lesser degree of operative trauma (Fig. 4, A and B) 
show a lesser degree of water retention. An uncomplicated herniorrhaphy 
(Fig. 4, A) shows a transient effect similar to the other patients, but the 
abnormality in water metabolism is over about 6 hours after the operation and 
before the infusion has been completed, with the negative ‘‘free’’ water 
clearance converting to positive. The initial low urine osmolarity rises and 
then falls. Despite this return toward a normal control of water metabolism, 
there was enough water retention to decrease the serum osmolarity significantly. 
An even more transient response (Fig. 4, B) is seen following the same anes- 
thesia schedule as the other patients but coupled with a negligible amount of 
operative trauma. 

It is apparent from the foregoing that while anesthesia may initiate a 
disturbance in water excretion, operative trauma is necessary to perpetuate it. 
There is, furthermore, a distinct correlation between the magnitude of the 
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Fig. 2.—The effects of premedication, anesthesia, and major surgical trauma on water 
clearance and serum osmolarity in patients who were showing positive water clearance prior 
Note low serum osmolarity and negative water clearance be- 
: I I.V. = start of infusion, P.M. = premedication, 
\ = induction of anesthesia, O.P. = beginning of operation, E.O.P. = end of operation, E.1.V. 
= end of infusion. 


to the beginning of operation. 
yond the end of operation and end of infusion. 
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Fig. 3.—A-D, The effects of premedication, anesthesia, and major surgical trauma on 
water clearance and serum osmolarity in patients who were showing negative water clearance 
prior to beginning of operation. Symbols as in Fig. 2. 
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Fig. 4.—The effects of premedication, anesthesia, and minor surgical trauma on wate! 
clearance and serum osmolarity. A, An uncomplicated inguinal hernia repair produces quali- 
tatively the same response as a major operation but of lesser duration. LKnough water reten- 
tion occurs, however, to decrease the serum osmolarity significantly. B, Very minor trauma 
produces a very transient effect which might be ascribed to medication and anesthesia alone 
Symbols as in Fig. 2. 
operative trauma and the duration of the altered ability to excrete a water 
load. If the studies are identically repeated through the early convalescent 
period, some estimate of the duration of primary water retention can be made. 
A study done the day before operation (Figs. 5, A and 6, A) indicates a normal 
inhibition of antidiuretic hormone release with the elaboration of large volumes 
of dilute urine and protection of the serum osmolarity. This constitutes a 
normal response. When the studies are repeated daily through the early post- 
operative period (Fig. 5, B and () with continuous observations being made, 
it is evident that water retention is still present at 48 hours, though restitution 
toward a normal serum osmolarity is made a long time after the completion 
of the infusion. Serial studies in another patient (Fig. 6, B, C, and D) 
indicate that the water retention is less evident on the third postoperative day 
and absent by the fifth. 

A comparison of the ability of patients given a water load comprised of 
200 ml. of 5 per cent dextrose in water per square meter per hour for 8 hours 
to excrete it within the period of the infusion (Fig. 8) confirms the fact that 
there is little significant difference by the third and no significant difference 
from preoperative controls by the fourth postoperative day. 





In the balance of this report, this antidiuretic activity will be designated 
as ADH action and attributed to the release of the specific posterior pituitary 
hormone, though its identity has not been established. Since the utilization 
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Fig. 6—Serial studies on a single patient done (A) the day before operation, (B) the 
first postoperative day, (C) the third postoperative day, and (WV) the fifth postoperative day. 
A minor degree of water retention occurs on the third day and water metabolism is essentially 
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unaltered on the fifth postoperative day. Symbols as in Fig. 
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Fig. 7.—Serial serum sodium (A) and osmolarity (6) values (45D) on patients meas- 
ured on the operative day and the first 2 postoperative days. The importance of giving water 
in the amounts and at the rates determined by the ability of the individual to metabolize 
water is demonstrated by contrasting control (fluids as ordere:i by resident staff) and experi- 
mental patients (fluids as calculated by metabolic requirements). Symbols as in Fig. ¢ 
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EXCRETION OF A WATER LOAD 
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Fig. 8.—The per cent of administered water excreted during the period of an 8-hour 
infusion shows the progressive return to normal after operation in 6 patients No statistical 


difference exists by the third postoperative day. 
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Fig. 9.—Osmolar excretion depends on the availability of solutes for excretion. The 
control patients received intravenous fluids which contained ho electrolytes as ordered by the 
resident staff. The experimental patients received lactate Ringer’s solution during operation 
and one-third lactate Ringer’s solution plus two-thirds 5 per cent dextrose solution as cal- 
culated by metabolic requirements the rest of the period. 
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and exeretion of water as well as the osmolar excretory load are reflections of 
metabolic activity, all data are to be expressed as units per square meter or if 
rates are concerned as units per square meter per unit of time. ; 

If patients are to receive only 5 per cent glucose in distilled water on the 
operative day and for the first 2 days postoperatively as maintenance fluids 
for insensible loss and renal requirements, it would be valuable to know with 
confidence within what limits hormonal reabsorption of water is occurring and 
what is the osmolar excretory load. The limits of water tolerance in normal 
individuals in terms of renal excretory ability have been admirably portrayed*° 
(Fig. 23). When the ADH mechanism is not disturbed, the limits of tolerance 
with normal renal function are determined to a large extent by availability 
of solutes to be exereted. This is quite true during operation and the first few 
subsequent days (Fig. 9). In Fig. 9, despite the fact that the control patients 
were receiving much more water than they were able to exerete (concomitant 
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Fig. 10.—Fluids were given as described in Fig. 9. No difference in urine water concentration 
is apparent indicating ADH activity was at the same level in both groups. 


serum dilution), the osmolar excretion on the operative day was 205 + 60 
mosm. per square meter per 24 hours; on the first postoperative day it 
was 250 + 45 mosm. per square meter per 24 hours; and on the second post- 
operative day it was 302 + 37 mosm. per square meter per 24 hours. In 
addition, it is known*® that the limits of water concentration in the urine 
are 0.7 ml. per milliosmol (mosm.) as a minimum and 10 ml. per mosm. as 
a maximum, Coincident with trauma (Fig. 10), it is apparent that an anti- 
diuretic mechanism is active almost at the minimal limits of tolerance for 
urine water concentration. Prior to operation (Fig. 10), the urinary water 
concentration mean varies from 2 to 4 ml. per mosm., the central area of 
physiologic tolerances (Fig. 23).°° On the day of operation, however, in 
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control patients (receiving more water than necessary), urinary water con- 
centration decreases and is 1.2 + 0.5 ml. per mosm.; on the first postoperative 
day it is 1.8 + 0.3 ml. per mosm.; and on the second postoperative day it is 
1.6 + 0.5 ml. per mosm. Knowing the urinary concentration of water for 
the important 3 days and the osmolar excretory load for each day, it is possible 
to superimpose figures relating urinary requirements for water as affected by 
trauma on the physiologic tolerance limits when there is no disturbance of water 
metabolism (Fig. 23). Such ealeulations (using the mean value of each determi- 
nation for each day) result in the following amounts of parenteral 5 per cent 
glucose in distilled water to be given to provide adequate urinary function 
without excessive water retention: for the day of operation, 250 ml. per square 
meter per 24 hours; for the first postoperative day, 450 ml. per square meter 
per 24 hours; and for the second postoperative day, +80 ml. per square meter 
per 24 hours. 
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Fig. 11.—Sodium excretion is minimal when none is given to patients (controls) ; when 


sodium is given (experimentals) as described in Fig. 9, sodium excretion does not change from 
preoperative levels. 





Though biologic identification of ADH is lacking in this study, as well as 
others, the experimental results make it nearly mandatory to aecept an anti- 
diuretie mechanism as being active after trauma. Since so many features of 
the experimental results find counterparts in physiologic experimentation with 
natural antidiuretic hormone, it seems logical to accept the neurogenic release 
of ADH from the posterior pituitary as the mechanism involved in_ post- 
traumatic water retention. Since the water retention occurs in the presence 
of progressive and often alarming decrease in serum osmolarity (a mechanism 
normally inhibiting ADH release), it would be justifiable to assume that it is 
“centrally driven,’’ that is, forcibly discharged comparable to the mechanism 
that elevates the levels of adrenocortical steroids in the serum, both being 
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instances of disturbed physiologic equilibrium. Further evidence for ADH 
being forcibly released is the failure of alcohol to inhibit its release*! during 
operation, when the aleohol is given intravenously as supplementary to anes- 
thesia. This observation was made on 2 patients during this study. 


A STUDY OF INSENSIBLE WATER LOSS 

Since insensible water loss directly reflects metabolic activity as represented 
by calorie expenditures, it seems best to evaluate this loss in relation to the 
surface area of the body. Reealeulating estimates in nontraumatized individuals 
available in the literature of insensible loss according to the criterion of 
milliliter per square meter per 24 hours gives varying results of 682 ml. per 
square meter per 24 hours,! 487 ml. per square meter per 24 hours,™ and 
assuming 2,500 caloric expenditure per day, 1,077 ml. per 24 hours.** If in 
the last figure, however, the assumption is corrected to a basal heat production 
for a man of 1,000 calories per square meter per 24 hours,” and bed activity 
allowance of a 25 per cent inerease** to 1,250 calories, the insensible water loss 
is then 540 ml. per square meter per 24+ hours. With the information available 
from metabolie studies as given above, estimates of 1,500 to 2,000 ml. per 24 
hours’? seem in excess, but the metabolic studies were not conducted in the 
posttraumatic state. 

After moderate trauma or average major surgical procedures that are 
associated with restricted oral intakes for 3 to 4 days, the average daily urinary 
nitrogen excretion is 10 Gm. per day." 1% *° 6 %° Further studies estimate 
that 75 Gm. of body fat are catabolized daily following such operations.** In 
an “‘average’’ man of 1.73 square meter body surface, there would be made 
available from endogenous protein 265 calories per day and from endogenous 
fat 675 calories per day, totaling 940 calories per day per 1.73 square meter 
hody surface or 545 calories per square meter per day. With a respiratory 
quotient of 0.8'? during the postoperative period and 545 ealories expended 
per square meter of which 25 per cent are devoted to insensible loss production, 
the evaporation of 940 ¢.c. of water represents the insensible loss. Water is 
obtained endogenously, however, from protein and fat catabolism. From the 
10 Gm. of nitrogen there will be freed 237 ml. tissue water and 27 ml. of water 
of oxidation; and from the fat there will be freed 75 ml. of water of oxidation, 
totaling 339 ml. of water per 1.73 square meter or 197 ml. of water produced 
per square meter per day from endogenous metabolism, resulting in 743 ml. 
per square meter to be supplied parenterally in 24 hours to meet actual losses. 
Roughly, then, 750 ml. should be supplied per square meter per 24 hours as 
insensible loss replacement. 

Experimental confirmation was sought for the theoretical caleulations 
cited above. The design of the experiment was to measure actual rates of 
weight change by a very accurate method without allowing the subjects to 
empty the bladder so that water excreted via the renal route did not influence 
the rate changes. The accuracy of the balance employed was determined by a 
hardened steel knife-edge support on agate surfaces and was sufficient to weigh 
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a 70 Kg. man to 10 Gm. The size was adequate to accommodate an adult on a 
mesh litter. The pendulum swing was dampened by oil of viscosity SAE 80 
The weight change was recorded by electric contacts on a kymograph moving 
2.54 em. per hour. The entire apparatus with a subject in position is illustrated 
in Fig. 12. 

The studies were conducted in a constant temperature, constant humidity 
room, All subjects (control normal medical students and experimental first 
postoperative day patients) had received no food or fluids for 18 hours prior 
to the period of observation, thus deriving all energy from protein and fat, 
and as a consequence the water vapor loss would comprise approximately the 
entire insensible loss of weight because it is known that as the carbohydrate 





Fig. 12.—Apparatus employed to study insensible loss. (See text for description.) 


intake increases the water vapor loss is proportionately a lesser part of the 
insensible loss.*? The subjects, both control and experimental, were studied 
nude or covered with the usual hospital gown and sheet at varying tempera- 
tures with the humidity kept constant and at varying humidity with the 
temperature kept constant (Fig. 13, A and B). Confirming other reports,” 
it is evident that moderately covered normal and postoperative individuals 
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display a relatively constant rate of insensible weight loss over customary 
ranges of environmental temperature and humidity. There are no differences 
apparent between fasting normal and fasting traumatized individuals; both 
displayed constancy of loss when either covered or nude. The rate of insensible 
loss in afebrile individuals is 40.9 + 5.1 Gm. per square meter per hour over 
the ranges of temperature 20° C. to 25° C. and humidity 20 per cent to 60 
per cent if lightly covered. This amounts to 984 ml. per square meter per 
24 hours insensible water loss. Since 197 ml. per square meter per 24 hours 
is available from endogenous metabolism, the amount to be supplied is 787 
ml. per square meter per 24 hours, a figure in very close agreement with 
those obtained from recalculated metabolic data.’:** ** These data apply only 
to afebrile individuals. A temperature correction for insensible water loss 
only of 7 per cent for each degree Fahrenheit that the rectal temperature is 
above 99.6° F. must be made. 


INSENSIBLE LOSS gm./m*/hr. MEAN + S.D. 
Insensible Loss gm/m*/hr. mean + S.D. 
+ 
} Normal controls - nude (4) TT! i en ee 
° » . ’ 
Patients - nude (4) iL on 
rs 
N Is = 
Normal controls -covered (4) : sepeaict cai iiscciae 


Patients covered (4) a Patients - covered (4) 


T 
° 
- 
T 
& 
L 
T 
o 
4 









































20 30 40 50 60 20 25 30 33 
HUMIDITY % ROOM TEMPERATURE®C. 
(Room temperature constant at 22°C.) (Humidity constant at 20% ) 


A. B. 
caten of instinbie Tons belo Caos Sao Salt Selah caaree EUTSoH eamoneture Un) 
and amounts to about 40 Gm. per square meter per hour. 

Summarizing, it is possible to administer fluids such as 5 per cent glucose 
in distilled water to compensate for insensible loss in postoperative patients on 
a metabolic basis. This is confirmed both by calculations done on information 
previously published and by accurate measurements of the actual loss in 
surgical patients. This amount is rounded off conveniently to 750 ml. per 
sjuare meter per 24 hours. If this amount is added to the values recommended 
for obligatory urinary function, the total requirements, excluding abnormal 
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losses by drainages, total 1,000 ml. per square meter per 24 hours for the 
operative day, adding 250 ml. per square meter each of the 2 successive days. 
A simple rule of thumb is thus obtainable. From a DuBois-Benedict chart, 
the body surface is obtained, for example, at 1.73 square meter. The fluids 
required are 1,730 ml. (750 ml. insensible loss plus 250 ml. for renal function, 
totaling 1,000 ml. per square meter, thus 1,730 ml. per 1.73 square meter) for 
the operative day; 2,080 ml. the first postoperative day (1,730 ml. plus 350 
ml.), and 2,080 ml. the second postoperative day (1,730 ml. plus 350 ml.). 
The calculated amount theoretically should be administered over the entire 
24-hour period, thus supplying the water as it is metabolized. For the opera- 
tive day, the theoretically ‘‘normal’’ man (1.73 square meter) would receive 
72 ml. per hour, the rate at which he is losing the water. If it is given faster, 
temporary water retention will occur with temporary falls in serum sodium 
and serum osmolarity (Fig. 7, ef. 250 ml. per hour and 500 ml. per hour rates 
of administration). 


A STUDY OF ADRENOCORTICAL ACTIVITY AND SODIUM METABOLISM 


Cytologic studies in animals nearly a decade ago*® suggested that a portion 
of the adrenal cortex, presumably primarily concerned with electrolyte me- 
tabolism and located in the zona glomerulosa, was independent of pituitary 
control. Confirmation is available in more recent cytologic studies** and in 
physiologic studies.47 There is evidence that secondary aldosteronism (the 
hormone from the adrenal cortex important to electrolyte metabolism) can be 
induced in man during sodium restriction®* or during sodium restriction and 
forced electrolyte loss, such as continuous high environmental temperature.” 
Both investigations*® °* indicate that the increase in aldosterone production 
ean occur without a concomitant increase in urinary 17-hydroxycorticosteroids. 
After trauma of an operative procedure, however, an increase in aldosterone 
exeretion has been demonstrated® simultaneous with a rise in the urinary 
excretion of 17-hydroxycorticosteroids. 


Observations on Independence of Pituitary-Controlled Adrenocortical Ac- 
tivity and Sodium Metabolism.—The mechanisms controlling release of aldos- 
terone and other cortical steroids from the adrenal cortex as related to opera- 
tive trauma need to be subjected to critical analysis in order to obtain a better 
understanding of the physiologic changes taking place. The first suggestion 
that sodium metabolism might be independent of pituitary-controlled adreno- 
cortical activity was a metabolic study performed on a male patient aged 59 
years; the clinical diagnosis of hypopituitarism was confirmed by two 8-hour 
intravenous ACTH-eosinophil tests of less than 10 per cent decrease, 24-hour 
urinary exeretion of pituitary gonadotrophin of 3 M.U., a serum protein- 
bound iodine level of 0.1 y per cent, a total serum cholesterol level of 131 mg. 
per cent, and a spontaneous 24-hour urinary excretion of 4.5 mg. of 17-keto- 
steroids. The patient was placed on a metabolic program with a constant diet 
of 125 Gm. of protein, 350 Gm. of carbohydrate, and 4,000 calories per day. 
The data presented in Fig. 14*° display some interesting aspects of sodium 
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Fig. 14.—Sodium metabolism in hypopituitarism. The periods of study are preceded by 
3 days of the specified management before data were collected. When sodium was greatly 
restricted the patient was in positive sodium balance (Period II) with increased K/N ratios 
and no change in 17-ketosteroid excretion An increase in sodium excretion occurs when 
ACTH is given with no change in K/N ratios. 
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Fig. 15.—The patient had been adrenalectomized for metastatic mammary carcinoma. 


Sodium retention occurs at very low and very high dose levels of hydrocortisone; at an inter- 
mediate dose level sodium excretion occurs. 
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metabolism. With the onset of a restricted sodium intake, there was a progres- 
sive and rapid decrease in the urinary excretion of the element. The patient, 
however, was not in sodium balance at an intake of 9.3 meq. per day; he was 
retaining sodium at what would appear to be maximal activity with no increase 
in 17-ketosteroid excretion. When ACTH was begun and the increase in 
urinary excretion of 17-ketosteroids was greatly increased (simulating the state 
of endogenous increased release of ACTH), the patient then excreted more 
sodium per day and essentially was in sodium balance. These data were col- 
lected about 10 years ago and the interpretation of these findings was not clear. 
Now, it would appear that aldosterone control is present and normal in second- 
ary hypoadrenocortical states*? and that, possibly, in certain physiologic condi- 
tions the pituitary-adrenocortical steroids may promote excretion rather than 
retention of sodium. In this patient there was restitution toward sodium 
balanee after excess retention when pituitary-controlled adrenocortical steroids 
were present in abundance. 
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Fig. 16.—Studies on normal individuals at different levels of sodium intake but constant diet: 





A, daily urine osmolarity, B, daily urinary sodium excretion. 


Further evidence of the failure of the glyecogenic steroids to uniformly 
retain sodium is given (Fig. 15) by a study of sodium metabolism in a patient 
totally adrenalectomized for metastatic mammary carcinoma. The sodium loss 
at intermediate dosages of hydrocortisone is contrasted with the sodium reten- 
tion both at low and at very high dosages, confirming animal experimentation.” 
The exeretory levels of 17-hydroxycorticoids caleulated per square meter per 
day while on intermediate levels of hydrocortisone therapy with associated 
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sodium loss are in the range of excretion of most postoperative patients. These 
observations strongly suggest that the alterations in sodium metabolism observed 
in the immediate postoperative period and previously ascribed to increased 
pituitary-adrenocortical activity are worthy of re-evaluation. 

Observations on Sodium Restriction in Normal Individuals.—Nine normal 
male medical students and house officers with normal creatinine clearances 
participated in this phase of the investigation. Their body surface areas 
ranged from 1.74 square meters to 2.16 square meters. They received an 
analyzed duplicate diet containing 1,734 calories per square meter per day and 
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Fig. 17.—Studies on normal individuals at different levels of sodium intake but constant diet 
showing changes in serum sodium concentration (4) and serum osmolarity (B). 


5.78 Gm. of nitrogen (as protein) per square meter per day. They were divided 
3 to a group composed of roughly comparable body surfaces. Each of one 
group received 182.6 meq. sodium per square meter per day; each of the second 
received 20 meq. sodium per square meter per day; and each of the third 
received 4 meq. sodium per square meter per day. They were allowed normal 
physical activity and ad libitum access to electrolyte free water. All reported 
no obvious sweating during the study. The following data were collected: 
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24-hour osmolar excretion (Fig. 16, A), 24-hour sodium excretion (Fig. 16, 
fasting serum sodium level (Fig. 17, A), fasting serum osmolarity (Fig. 
B), urinary volume, and voluntary water intake. 

The serum sodium and serum osmolarity levels (Fig. 17) revealed no 
significant differences between the groups on the different sodium intakes. 
Voluntary water intakes, as anticipated, showed considerable differences; the 
individuals on the high sodium diet averaged about 1 L. per square meter per 
day intake with a daily urinary volume of 1,800 to 2,000 ml. per square meter 
per day. Subjects in restricted sodium groups averaged 200 to 250 ml. per 
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; Fig. 18.—Studies on normal individuals at different levels of sodium intake but constant 
diet. Sodium excretion in milliequivalent per nour during the test load and the percentage 
of the total load excreted in a 4-hour period. 


square meter per day intake and maintained a urinary volume of about 750 
ml. per square meter per day. During the course of the dietary program no 
subject showed significant change in fasting body weight. Figs. 16 and 17 
illustrate the significant data obtained during the 7-day period of the study. 
There were no changes in serum values, but the most significant differences 
were in total urinary osmolar and sodium excretion. It is of importance to 
note that the individuals receiving 20 meq. per square, meter per day were 
essentially in sodium balance, excreting for the most part the amount of sodium 
given. The severely restricted subjects (4 meq. per spare meter per 24 hours) 
excreted less than daily allowance (Fig. 15). Assays for urinary aldosterone* 
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done on samples obtained during the last 24 hours of the study revealed values 
for the high sodium intake subjects of less than 2 meg. per square meter per 
24 hours, values for the intermediate sodium intake group of 11 + 3 meg. per 
square meter per 24 hours, and values for the very restricted sodium intake 
group of 31 + 5 meg. per square meter per 24 hours. Some evaluation of 
physiologic range of aldosterone activity is suggested by noting that at excretory 
levels of 11 + 3 meg. per square meter per 24 hours, sodium balance was effected 
at an intake level of 20 meq. per day; at excretory levels of 31 + 5 meg. per 
square meter per day, positive sodium balance occurred with an intake of 4 
meq. per square meter per day. Urinary excretion of 17-hydroxycorticoids 
also measured*®® over the last 24 hours of the study period revealed no change 
in exeretion evoked by the experimental design (high sodium intake, 7.9 + 1.2 
mg. per square meter per day; intermediate sodium intake, 9.0 + 1.9 mg. per 
square meter per day, and restricted sodium intake, 7.1 + 1.9 mg. per square 
meter per day). 

In a postabsorptive state on the eighth day of the study period each of 
the 9 subjects, after control urine specimens had been collected, received intra- 
venously as a 3 per cent saline solution a sodium load of 60 meq. per square 
meter per hour. Urine collections were made at hourly intervals for 4 hours; 
the rate of sodium excretion per hour and the percentage of administered 
sodium recovered in the 4-hour period following the completion of the infusion 
were determined. Fig. 18 shows a prompt increase in sodium excretion in the 
high sodium diet subjects and a slower increase among members of the other 
groups. The high sodium intake subjects excreted 72.6 + 8.9 per cent of the 
total load over the 4-hour period, the intermediate intake subjects excreted 
12.0 + 1.8 per cent, and the restricted intake subjects excreted only 1.8 + 0.4 per 
cent. In the light of prior work,?® ** %7 47) 54 this study reveals that in normal 
subjects a restricted sodium intake, with a high potassium intake (large dietary 
protein allowance), activates the adrenal cortex to secrete increased amounts 
of aldosterone independently of pituitary-controlled adrenocortical function. 


Observations Contrasting Adrenocortical Function, Sodium and Water 
Metabolism in Control Patients Whose Parenteral Fluids Were Given by 
Routine and in Experimental Patients Whose Parenteral Fluids Were Given 
in the Light of the Facts Available From the Investigative Program.—lIf fluids 
are given to patients on the operative and the 2 succeeding days by a routine 
providing 2.5 to 3.0 L. of 5 per cent dextrose in distilled water (at 250 to 500 
ml. per hour) assuming it will ‘‘eover’’ urinary and insensible loss require- 
ments, significant decreases in serum sodium and serum osmolar:ty will occur 
(Fig. 7) which have been postulated to arise from an increased release of ADI 
resulting in primary water retention. In association with the falling serum 
sodium levels, there is a decrease in urinary excretion of sodium (Fig. 11); 
there is no interference in pituitary adrenocortical activation by the operative 
trauma as shown by the increased urinary excretion of 17-hydroxycorticoids ; 
and there is a marked increase in the urinary excretion of aldosterone (Fig. 19). 

By contrast, data on a single patient with a surface area of 1.71 square 
meters (Fig. 20) who, only during operation, received lactate Ringer’s solution 
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Fig. 20.—Detailed study on a single patient who received fluids on a special program as 
stated in the diagram. Serum and urine osmolarity did not change, but there was a sharp 
decrease in urinary water concentration indicating ADH activity; negative water clearance 
was of a low value. Preoperative urinary 17-hydroxycorticoid and aldosterone levels were 
normal. With operation there was a prompt increase in 17-hydroxycorticoids; aldosterone 
excretion increased progressively as salt restriction was prolonged. 
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containing 5 Gm. per cent of albumin and, subsequent to operation, received 
5 per cent dextrose in distilled water continuously through to the fourth post- 
operative day at the rate at which water was calculated to be metabolized 
(42 ml. per square meter per hour or for 1.71 square meter, 71 ml. per hour) 
reveal several interesting facts: (a) there are very minimal changes in serum 
osmolarity (Fig. 7, B); (b) urine osmolarity remains fixed and high, with a 
slight decrease on the third postoperative day (Figs. 2, 3, and 8); (c) little 
significant change is noted in serum sodium concentration (Fig. 7, A); (d) 
urine flow remains at a low rate; (e) urine water concentration is no different 
than recorded for patients receiving excessive fluids (Fig. 10); (f) ‘‘free”’ 
water clearance is negative but much less so than observed in patients receiving 
excessive fluids (Figs. 2 and 3); (g) operative trauma produces a very prompt 
inerease in the urinary excretion of 17-hydroxycorticoids, but it is associated 
with only a slight inerease in urinary excretion of aldosterone (Fig. 19); and 
(h) most significantly, the exeretion of 17-hydroxycorticosteroids remains at 
‘ather constant high levels, but aldosterone excretion increases daily as if it 
might be associated with the progress of the sodium deprivation (no abnormal 
losses occurred in this patient and minimal gastric drainage was replaced 
quantitatively ). 
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Fig. 21.—Detailed study in a patient receiving fluids as indicated with minimal changes in 
serum osmolarity and urine osmolarity. No significant water retention occurred. 
Pursuing the problem further, a patient with a surface area of 1.70 square 
meters was studied. In contrast with the above patient he received unmodified 
lactate Ringer’s solution during operation and one-third lactate Ringer’s solu- 
tion plus two-thirds 5 per cent dextrose in water at 71 ml. per hour (42 ml. 
per square meter per hour) to the third postoperative day. Fig. 21 shows no 
change in serum osmolarity or sodium levels for the 24 hours of the operative 
day. Furthermore, while the operative and following days resulted in urinary 
17-hydroxyeorticoid levels of 18 mg. per square meter per day, 21 mg. per 
square meter per day, and 20.9 mg. per square meter per day (preoperative 
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9.3 mg. per square meter per day), there was no significant change in urinary 
aldosterone excretion: preoperative, less than 1 meg. per square meter per 
day; operative day, 2 meg. per square meter per day; first postoperative day, 
2 meg. per square meter per day; and second postoperative day, 3 meg. per 
square meter per day. 

Having shown that patients receiving fluids postoperatively according to 
hitherto accepted concepts of administration displayed increases in aldosterone 
excretion (Fig. 19), it remained to study a group of operated patients whose 
administered fluids contained sodium. An experimental group of 6 patients 
received only lactate Ringer’s solution beginning just before premedication and 
throughout the duration of the operative procedure at the rate of 42 ml. per 
square meter per hour; for the next 3 days each received a mixture of one- 
third lactate Ringer’s solution and two-thirds 5 per cent dextrose in water at 
the rate of 42 ml. per square meter per hour. There was no evidence in this 
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Fig. 22.—Percentage of an administered sodium load excreted contrasting the various situ- 
ations studied. 


group of dehydration or prerenal azotemia since daily preoperative and daily 
postoperative blood nonprotein nitrogen determinations all fell within the 
range of 30 + 5 mg. per cent, and a single patient’s serial determinations showed 
no increase. Urine water concentrations (Fig. 10) showed no differences from 
those obtained in patients receiving unrestricted fluids even though total 
osmolar excretion increased (Fig. 9). The previously deseribed decreased 
urinary excretion of sodium, however, did not occur (Fig. 11). Fluids con- 
taining sodium given as described provided the patients with 47 meq. of 
sodium per square meter per day and (Fig. 11) the mean urinary exeretion 
of sodium in this group was between 45 and 55 meq. of sodium per square 
meter per day, indicating sodium homeostasis. Failure of pituitary-controlled 
adrenocortical function could not be indicted since (Fig. 19) the urinary 
excretion of 17-hydroxyeorticoids was the same in both groups; but, though 
there was a suggestion of slight increase in the mean aldosterone exeretion, no 
statistically significant increases in urinary aldosterone excretion occurred. 
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Since it appears that there may have been a slight increase in aldosterone 
activity despite sodium balance being maintained, a situation may have oc- 
curred comparable to the normal subjects maintained on 20 meq. of sodium 
per square meter per day (Figs. 16, 17, and 18). For this reason, on the first 
postoperative day a sodium load as a 3 per cent saline solution was given intra- 
venously at 60 meq. per square meter per hour to a group of experimental 
patients and the percentage of load excreted over the subsequent 4 hours was 
determined. In Fig. 22, the results of such a test load are presented, comparing 
experimental patients on calculated fluids (47 meq. sodium per square meter 
per day), experimental patients on ealeulated fluids with prior sodium loss 
(colon resection cases prepared by the Miles regimen and consequent sodium 
loss from the bowel), control patients receiving unrestricted fluids (Fig. 19), 
normal subjects receiving about 180 meq. sodium per square meter per day, 
and normal subjects receiving about 20 meq. sodium per square meter per 
day. It is evident (Fig. 22) that experimental patients with prior sodium 
depletion (Miles regimen) but normal serum sodium levels at the beginning 
of the test load excrete a sodium load much less readily than is normal. The 
group of patients maintained on a normal diet up to operation receive pa- 
renteral sodium throughout operation and early convalescence, do not display 
a significant activation in aldosterone excretion, and can excrete a sodium load 
nearly as well as normal diet patients on high sodium and much better than 
normal diet patients on moderately severe sodium restriction. 

In summary, it seems that, in effect, there is little evidence to show that 


pituitary-controlled adrenocortical steroids play a major role in the well- 
recognized postoperative intolerance to sodium. It primarily is the result of 
increased aldosterone secretion from the adrenal cortex, which oceurs inde- 
pendent of pituitary control and is related to prior or operative period 
restricted sodium intake. 


SUMMARY AND CONCLUSIONS (FIG. 23) 

When an attempt is made to interpret in the light of present knowledge 
the multifaceted problem associated with the total neuroendocrine response to 
trauma many facts and some fancies are uncovered. Though it matters little 
if theories are correct, it is of great importance that facts be recorded accu- 
rately. The formation of a theory and its evolution by factual modification 
and addition are necessary steps in the growth of knowledge. In this spirit, 
Fig. 24 is offered attempting to integrate and correlate some of the important 
facets and attractive fancies relating surgical endocrinology to the response by 
man to trauma. At best, this theory may serve as a steppingstone to another 
theory as another fact becomes established. 

Trauma influences hypothalamic centers through the media of various 
neural effecters and possible humoral mediators. By disturbing the usual 
homeostatic mechanisms operating in the hypothalamus, its effect on the 
pituitary gland is altered; by neural connections, the posterior pituitary 
(the neurohypophysial system) discharges antidiuretic hormone; and, by prob- 
able humoral influences, the anterior pituitary discharges at least thyrotropie 
and adrenoeorticotrophie hormones, each acting on its specific target gland. 
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Thyrotropie and adrenocorticotrophie effects on the thyroid and adrenal 
cortex are antagonistic and a new level of physiologic equilibration is effected. 
Among the other metabolic effects of the increased release of adrenocortical 
steroids which are controlled by the anterior pituitary is the possible increase 
in renal excretion of sodium, tending to a lowered serum sodium concentration. 
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Fig. 23.—The physiologic limits of water tolerance in normal individuals as determined 
by ADH activity® (reprinted with permission). Superimposed on this basic diagram are the 
limits of water tolerance on the operative day and the first 2 postoperative days as limited 


by ADH activity and available solute in patients receiving 5 per cent glucose in distilled 
water. 


On the other hand, the increased antidiuretic activity when water is sup- 
plied too rapidly or in amounts beyond metabolic requirements results in 
primary water retention and serum dilution leading to a lowered serum sodium 
concentration. 

The lowered serum sodium level, with an inadequate sodium intake, acts 
independently of any known controlling mechanism to increase adrenocortical 
release of aldosterone. This steroid effects maximal renal conservation of 
sodium, 
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Fig. 24.—A concept attempting to correlate the known and suggested information avail- 
able concerning the neuroendocrine response to trauma. The interrupted lines indicate an- 
tagonism resulting from trauma. Neural influences from the site of trauma act via the neu- 
rohypophysial system to release ADH. ADH, producing primary water retention, and the 17- 
hydroxycorticoids, possibly producing increased urinary excretion of sodium, both tend to- 
ward lowered serum sodium levels. The low serum sodium acts through the adrenal cortex to 
release aldosterone, independent of the pituitary, effecting maximum renal conservation of 


sodium. For the basis of the left half of the diagram see the supplementary bibliography. 
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Practical implications from and applications of this theory would caution 
against the administration of amounts of water exceeding metabolic require- 
ments or exceeding rates of metabolic utilization. If the state of sodium me- 
tabolism is not known with absolute certainty, prior to trauma, it probably 
would be unwise to give extra sodium during trauma and convalescence. If 
sodium depletion or restriction has not antedated the traumatic episode, normal 
daily requirements for sodium ean be given throughout operation and con- 
valescence without fear of excessive retention and edema. 


The authors acknowledge gratefully the capable aid provided by members of the 
S. C. Harvey Metabolic Unit Staff: Research Dietitian, A. M. Everson, B.S.; Chemists, 
E, Tuthill, M.A., J. R. Clendenning, B.S., B. R. Hasselman, B.S., and J, 8. Furman. 


ADDENDUM 


Since this article was submitted for publication, the role of the volume receptors in 
controlling aldosterone secretion has been documented more precisely (Bartter, F. C., 
Metabolism 5: 369, 1956; Duncan, L. F., et al., J. Clin. Invest. 35: 1299, 1956; and Bartter, 
F. C., et al., J. Clin. Invest. 35: 1306, 1956). 
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CANCER OF THE RECTUM AND COLON 


A CriticaAL ANALYSIS WITH RECOMMENDATIONS TO EXTEND 
THE RATES OF SURVIVAL 


Harry E. Bacon, M.D., PHILADELPHIA, Pa. 
(From Department of Proctology, Temple University Medical Center) 


PROFOUND challenge to the medical profession today is the high in- 
A cidence of, and mortality from, cancer. It has been stated that each 
year finds half a million persons in the United States afflicted with cancer. 
In 1947 there were 190,000 deaths in this country from malignant tumors, 
representing more deaths in one year than occurred in action during World 
War II. Approximately 35,000, or 18 per cent, of these deaths were due to 
eancer of the rectum and colon. In 1953, Dr. Charles Cameron, Director of 
the American Cancer Society, reported that of the patients with cancer of 
the rectum, 85 per cent died, and only 15 per cent were cured. 

These figures are extremely disheartening, particularly when we realize 
the potential of premalignant growths, the relative ease with which they can 
be demonstrated, and how simply they ean be eradicated. Apparently, how- 
ever, we remain irresponsibly oblivious of the fact that an adenomatous polyp 
can be demonstrated in one of every three persons over the age of 45. 

Something is needed to prod us to an awareness of danger and to persuade 
us to take preventive action. Something is needed to alert not only the lay 
publie but the physician as well. A small beginning has been made. A two- 
way program is under way. One prong of this program is education of the 
lay publie to the importance not only of seeking but of insisting upon a com- 
plete examination by a qualified and interested physician. The second prong 
is education of ourselves, the physicians, to the importance of searching out 
the first evidences of potentially malignant tissue. This program constitutes 
an arduous task that must be unrelentingly pursued. 

Edueation of the lay public and physicians alike is of utmost importance 
and is the first line of attack in an effort to eradicate or control the killer. 
In 1938, it was my privilege to report on a series of 1,995 patients with cancer 
of the bowel. In these patients the average duration of symptoms was 9 
months and 3 weeks. At the time of present writing (1955) our records show 
the average to be slightly less than 9 months. This is a sad commentary on 
the lack of progress for the 17-year period in spite of an intensive educational 


program involving the expenditure of millions. 
Fifth Annual Charles pee Rosser Oration, Southwestern Medical School and Uni- 


versity, Dallas, Tex., Nov. 8, 1955. 
Received for publication April 18, 1956. 
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It is embarrassing to reflect upon our professional shortcomings, so clearly 
set forth in statistical surveys as those of Sugarbaker,** McNealy,?® and Pem- 
berton,** where it is shown that about 30 per cent of rectal cancers and 15 per 
cent of colonic cancers had previously been treated for misdiagnosed condi- 
tions—for instance, hemorrhoids, fissures, colitis, chronic appendicitis, or 
spastic colon—apparently in completely unsuspecting ignorance of the true 
pathology. 

Recently, our last 100 eases of proved cancer of the bowel were evaluated 
and it was found that treatment had been given for the following conditions 


within the 18-month period in which the diagnosis of cancer had been made: 





Hemorrhoids 23 
injection 14 
operation 9 


Irritable colon 9 
Gall-bladder disease 5 
Colitis 5 
Fulguration of cancer 3 
Appendicitis 4 
operation 3 
conservative 1 


By a genuinely concerted effort on our part, together with the various 
constituents of the American Cancer Society, we can set up satisfactory stand- 
ards of examination. We know that 80 per cent of the lesions of the large 
bowel can be visualized sigmoidoseopically, and the balance roentgenologiecally. 
Of this 80 per cent, 68 per cent can be palpated. This means that the greatest 
majority of these malignant enemies can be detected. 

Routine procedure rests upon sigmoidoscopic examination, roentgenog- 
raphy by the contrast method, and coloscopy. Since 1944 we have resorted to 
endoscopic examination of the bowel. More recently, multiple slits made in 
the bowel have become routine in all patients at the time of major bowel 
surgery and where a lesion is suspected. In a recent survey of 200 adenom- 
atous polyps of the colon, excluding the rectum, we found 41 additional polyps 
by endoscopic means—polyps not demonstrated by the double contrast tech- 
nique, thereby correcting an error of 20.5 per ecent.° 

It is common knowledge that the rectum and colon are common sites for 
eaneer. According to De Muth,'® the large bowel is the most frequent location 
for cancer in the male, whereas, in the female, Levin and Haagensen*® found 
involvement of the colon second only to the breast. Bearing this in mind, our 
efforts to achieve early diagnosis should be appreciably extended. 

Our experience’ of 1414 years, and a personal series of 1,506 patients with 
cancer of the large bowel, have pointed up some striking facts that are none too 
attractive in so far as they concern the cure and control of cancer in this area. 
In terms of 5- and 10-year cures our survival rates are satisfactory and compare 
well: 52.3 per cent for 6 years; 38.2 per cent for 10 years. Yet these patients 
were resected for cure, with palliative resections excluded. 

We define “resection for cure” as resection in patients without demonstrable 
liver and lung metastases, but with or without malignant invasion of the regional 
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nodes. Unfortunately, there is no unanimity of opinion regarding the ex- 
tent of the operative procedure to effect a cure. Ordinarily one would say that 
it is contingent upon the training, experience, and fortitude of the surgeon. Two 
facts are clear: (1) surgery is the only means of certain treatment available, 
and (2), so far as possible, the operation is intelligently instituted to give that 
patient the maximum opportunity for cure. If this is the case, judging from 
our records of 50 per cent survival for 5 years and 38 per cent for 10 years, 
our present operative procedures are inadequate and the scope of the operation 
must be extended. It has been our practice to extend the seope of the re- 
section where instituted for cure, and fortunately it has been accomplished 
without appreciable increase in mortality or morbidity. 


Intermediate Paracolic nodes 


} Epicolic 


Fig. 1—Schematic drawing of the principal, paracolic, intermediate, and epicolic nodes. 


All will coneur with the principle that every effort should be made to 
eradicate the disease at the first operation, since it is being realized more 
clearly that the single factor of importance that has a bearing on the rate of 
cure is the stage of the disease when first encountered. 


CECUM 


For tumors of the cecum and ascending colon a right hemicolectomy is 
effected to a point just proximal to the middle colic artery and 15 to 20 em. of 
the distal ileum to include their mesentery and node-bearing areas about the 
superior mesenteric vessels. Following coloscopy, the bowel continuity is estab- 
lished, preferably by end-to-end anastomosis. Where the tumor is located at the 
hepatie flexure, essentially the same procedure is adopted, except that the middle 
colic vessels are sacrificed to permit removal of a greater expanse of regional 
lymph nodes. Particular attention must be directed to the blood supply of the 
distal segment for the anastomosis, namely, the ascending ramus of the left 
colie artery. 
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TRANSVERSE COLON 

It has been our custom to remove the transverse colon for lesions in this 
region with both the hepatie and splenic flexures and preserve the right and left 
colic arteries for the anastomosis of the ascending and descending limbs. On 
oceasion, however, we have encountered nodal involvement of both the superior 
and inferior mesenteric chains. For this reason we feel that the removal of a 
greater expanse of bowel, with an anastomosis of the ileum to the lower sigmoid 

as recommended by Rosi** is worthy of performance. 


Fig. 2.—Cecal and ascending colon carcinoma. Right hemicolectomy preserving ileocolic 
and middle colic arteries for anastomosis. 

Fig. 3.—Hepatic flexure carcinoma. Partial colectomy preserving ileocolic and superior 
ramus of left colic arteries for anastomosis. 

SPLENIC FLEXURE 

Carcinoma in the splenic flexure requires extended resection. The ideal is a 
superior and inferior mesenteric lymphadenectomy with partial colectomy by 
which the ileum is anastomosed to the sigmoid. The recent recommendation 
of Madden*® to include partial panereateetomy with splenectomy may possibly 
be viewed with more favor. 

High Inferior Mesenteric Ligation at the Aortic Origin With Lymphadenec- 
tomy.—In 1950, Ault, Castro, and Smith* reported their experiences with high 
inferior mesenterie ligation and cited 5 eases in which the vessel was ligated 
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proximal to the left colic artery. Grinnell,?* whose investigations have always 
served as a stimulus, activated renewed interest with the finding that 17 per 
cent of 41 resected specimens demonstrated nodal metastases, while Rosi** 
reported an incidence of 44.4 per cent positive nodes in a group of 36 resections 
within a distance of 3 em. from the aortic origin. 


Fig. 4. Fig. 5. 


Fig. 4.—Transverse colon carcinoma. Partial colectomy preserving right colic and 
Superior ramus of left colic artery. 

Fig. 5.—Splenic flexure carcinoma. Partial colectomy preserving right colic artery 
pred ig sigmoidal branch for anastomosis. Distal ileum is frequently anastamosed to 

In 1948, we reported an incidence of general node involvement of 36.2 
per cent in a group of 67 uncleared specimens, while recently McElwain” 
and Valiente,’ in our department, studied 261 postoperative specimens of 
rectal and sigmoidal cancer of which 116 fulfilled the requirements for clear- 
ing. Positive nodes were found in 61.2 per cent. Significantly, 19.7 per cent 
showed positive nodes located at and around the origin of the inferior 
mesenteric artery and proximal to its left colic branch. To the time of this 
writing, a total of 316 ligations of the inferior mesenteric artery at the aortic 
origin with removal of the lymphatic chains have been performed, of which 
168 specimens have been cleared by the Spalteholz-Gilchrist technique.?* *° 


As early as 1908, Moynihan,*° in discussing cancer of the rectum and left 
colon, stated, ‘‘Surgery of malignant disease is not the surgery of organs; it is 
the anatomy of the lymphaties.’’ Even at that date he advocated ‘‘excision of 
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all glands as far as the inferior mesenteric artery, its origin from the aorta in 
the removal of cancer of the rectum and sigmoid. The highest gland in the 
lymphatic chain must be taken away—nothing else will do.’’ It seems strange 
that two score and six years later we revive this procedure and recommend it 
as routine for all curative resections of the descending and sigmoid colons and 
reetum. 
DESCENDING COLON 

Tumors in this are routinely extirpated by a left hemicolectomy, anas- 
tomosing the segment of the transverse colon supplied by the middle colie 
artery to the low sigmoid supplied by the middle and inferior hemorrhoidal 
arteries. In this instance, there is no need to mobilize the rectal segment. 
The inferior mesenteric artery is ligated at its aortic origin, and with it the 
entire node-bearing area described as ‘‘the axilla of the abdomen’’ can be 
cleared. 





Fig. 6. Pie. 7. 
Fig. 6.—Descending colon carcinoma. Left hemicolectomy preserving middle colic artery 
for anastomosis with rectosigmoid. 





Fig. 7.—Sigmoid colon carcinoma. Partial colectomy preserving marginal artery for 
anastomosis with rectosigmoid. 


SIGMOID COLON 


With the exception of the very low sigmoid, cancer of the iliac and pelvic 
portions is resected, and the descending colon, which is mobilized as far as the 
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splenic flexure, is anastomosed to the rectosigmoid or upper rectum. The in- 
ferior mesenteric artery is ligated and divided at its aortic origin; the vein is 
ligated and divided just distal to the ligament of Tretz. By this means, the 
node-bearing tissues can be stripped clearly from the third portion of the 
duodenum downward over the vena cava, aorta, bifurcation, common iliaes with 
the internal and external branches, over the promontory and into the pelvis. 
There is merit in the recommendation of State*? and Waite‘? to include the 
splenic flexure and distal half of the transverse colon, although in our Depart- 
ment the procedure has not been employed in every instance. We are fully 
cognizant that the greater the length of bowel removed, the greater will be the 
incidence of additional tumors, benign and malignant. It may be recalled that 
Broad and I*® reported 173 consecutive operative specimens for cancer of the 
colon and rectum in which 54, or 31.2 per cent, presented concomitant adenomas, 
of which 11, or 20 per cent, had undergone malignant change. That there is 
merit in extending the segment of removed bowel is the report of Ackerman,’ 
who found 33 per cent multiple carcinomas in the large bowel. To the present, 
we have transplanted the transverse colon to the anus in 23 instances, with 
one death, and on innumerable occasions have anastomosed the transverse 
colon to the sigmoid in its various portions. Nevertheless, at the moment, we 
do not recommend the former procedure as routine. Of greater importance is 
the meticulous dissection of the lymph pathways and principal glands in econ- 
tinuity. 

Perhaps comment should be made regarding our attitude toward ‘‘anterior 
resection.’’ We have been compelled to discard this procedure in curative 
resection of the rectosigmoid because of recurrence. Anterior resection, or 
rectosigmoidectomy as the term implies, certainly approaches the ideal. It is 
executed easily and there is little bowel and genitourinary disturbance or im- 
pairment of function. As instances of recurrence were encountered in the 
pelvis and at the suture line, an earnest effort was made to extend the degree 
of radieality. A wide expanse of mesosigmoid and upper mesorectum was in- 
eluded in the dissection. The rectum was mobilized posteriorly to the tip of 
the eoceyx and anteriorly into the septum or to the base of the prostate. The 
lateral ligaments were divided close to the wall of the pelvis. Superiorly, the 
node-bearing area from the third portion of the duodenum was cleared. The 
inferior mesenteric artery was ligated at its origin, and the axilla of the 
abdomen, which includes all nodes in the immediate vicinity, was stripped 
clean. The dissection was continued downward over the vena cava on to the 
iliaes, to. the promontory and into the pelvis as only part of our attack. The 
bowel above was mobilized as far as the splenic flexure; we left 8 em. or at 
least 6 em. below the lower edge of the growth. 

During the past few years we have turned from silk to eatgut to wire 
for anastomosis and even employed stout silk above and below the growth 
as suggested by Cole," in an effort to localize and prevent dislodgment of the 
caneer cells during manipulation. In spite of these added precautions, and 
with sincere misgivings, we have discontinued anterior resection for frank 
malignaney of the rectosigmoid junction. 
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CANCER OF THE RECTUM AND RECTOSIGMOID 


During the past 16 years it has been our custom to remove all cancerous 
lesions of the ampullary rectum and rectosigmoid by the technique termed 
‘“‘proctosigmoidectomy,’’ in which the anal sphincters are preserved and a 
colostomy is not required. We define the ampullary rectum as that portion 
between the rectosigmoid above and Kohlrausch’s plica below. This plica or 
fold measures 4 em. from the anorectal (dentate) line, or 7 em. from the anal 
margin. On the basis of the work of Sauer** *° in our department, which con- 
firmed the original investigations of Villmenin, Huard, and Montagné in 1925,** 
and those of De Oliveira in 1947° we feel that the operation is well chosen since 
these studies demonstrate the fact that the rectum is divided into distinct 
lymphatic areas. Finally, our survival and cure rates in terms of 5 and 10 
years compare favorably with those in which removal was effected by the 
method of Miles. At an earlier date we reported an incidence of 52.3 per cent 
d-year survival and 38.2 per cent 10-year survival. 

We have performed this operation in 610 patients for cancer. Our mor- 
tality rate is computed at 3.9 per cent. In proctosigmoidectomy, as well as in 
the Miles operation, the descending colon is mobilized as far as the splenic 
flexure, reliance for viability being placed on the marginal artery of Drum- 
mond.?° Mobilization of the splenic flexure is seldom required. In all cases 
for eure, an abdominopelvic lymphadenectomy is performed from the third 
portion of the duodenum downward into the pelvis. The adventitia of the 
vessels is opened in such a manner as to follow the cleavage plane, in order 
that all cellular tissue can be dissected out together with the contained lymph 
node-bearing area. 

Wide removal of the lateral ligaments or lateral pedicles is effected. The 
operation is as radical as the method of Miles. The anal and perianal skin is 
not excised nor is all the ischiorectal fat removed. Since neither is a factor, 
these areas are involved only in those lesions situated below the 7 em. level. 


CANCER OF THE LOW RECTUM 


One cannot refute the statement that the prognosis of cancer of the low 
rectum is less favorable than in its ampullary or cephalic portion. All are 
well acquainted with the popular method of Miles, yet if better results are to 
be obtained, it is essential that the scope of this operation be extended. At- 
tention is called to several points evidencing the lack of radicality in the Miles 
operation as usually performed. 

1. The abdominal colostomy is placed well below the umbilicus. Criticism: 
Such a colostomy in this site means that the midsigmoid portion has been 
selected as an end-colostomy instead of the mid-descending colon; the blood 
supply has been divided probably between the first and second sigmoidal 
branehes or even below, instead of at the aortic origin of the inferior artery. 

2. The paracolie incisions are made usually hugging the bowel in order 
to obtain a large peritoneal flap for closure. Criticism: Wide excision of the 
peritoneum is required, yet is seldom performed because the operator usually 
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is more coneerned with closure of the pelvie floor than with the degree of 
radieality. Closure ean be effected by extensive liberation of the peritoneum 
with the fingers if needed. The dissection should be earried out lateral to the 
endopelvie fascia for removal rather than medially as in the classie procedure. 
Should there be any question that this step compromises radicality, a pelvic 
floor is not made but rather a large Mikuliez pack (rubber dam and vaginal 
gauze packing) is placed in the pelvis to be removed completely eight or nine 
days later. Trimpi and I** * instituted this procedure in 65 instances without 
herniation of the small bowel and with one complication. It may be mentioned 
that Appleby® has not established a pelvic floor in the last 10 years. 

3. The incision in the reectouterine or rectovesical suleus in the process of 
anterior mobilization is commonly made in the depth of the suleus and thereby 
establishes a cleavage plane by which there remains in situ the anterior pedicle 
(anterior portion of the endopelvie fascia in the female or Denonvillier’s 
aponeurosis in the male). Criticism: The incision should be made one inch 
above and superiorly on the bladder or uterus so that the anterior pedicle (Rein- 
hold**) is ineluded in the dissection, since a common site of residual carcinoma 
is found to be in this fascia. 

4. The lateral ligaments or middle hemorrhoidal pedicles usually are 
divided close to the bowel. Criticism: For proof of this statement, each speci- 
men following operation should be placed on a cork board and earefully 
examined to determine if the lateral ligaments are attached or have been left in 
the pelvis. The fact that this structure harbors the middle hemorrhoidal vessels, 
which may or may not require ligation, is of little consequence, but for radicality 
it is extremely imperative that each lateral pedicle or ligament be divided flat 
against the pelvic wall to include the lateral node-bearing areas or nodes of 
Cuneo and Marcille.’* This statement is substantiated by the work of Coller, 
Kay, and MacIntyre who found the lateral area of spread to be involved 
in 54.5 per cent of their cases in which the cancer was located in the last 3 em. of 
the rectum or anal canal. Sauer’? cited an incidence of 50 per cent lateral in- 
rasion. Others have written of their experiences also. 

5. Inspection of the pelvis from the aortie bifureation to its depth will 
usually demonstrate varying amounts of cellular tissue which embody lymphatic 
channels probably harboring cancerous nodes. Criticism: All node-bearing 
tissues should be removed. In performing the abdominopelvie lymph node 
dissection, it is well to begin above by elevating the third portion of the 
duodenum and then stripping the aorta after ligating the inferior mesenteric 
artery at its origin. The aorta, lower vena cava, aortic bifurcation, and the iliac 
vessels including the external branch are meticulously denuded. Respecting 
the ureters on each side, the dissection is continued to the obturator foramen, 
removing the tissue in one piece so far as is possible. Usually, the middle and 
lateral sacral vessels are ligated. Thus, the shiny and glistening bony struc- 
tures become prominent. Also, the lattice-work arrangement of the presacral! 
vessels are discernible. 
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It may be mentioned that during the past five years, in all Miles opera- 
tions, we have ligated the internal iliae artery (hypogastric) on each side be- 
low its superior gluteal branch without complication. Appleby*® has employed 
this step routinely for the past 10 years and Lawrence Abel,’ of London, for 
more than 20 years. The latter gives Valdoni of Rome eredit for its first use 
although, according to Keyes,” Kirsner utilized the procedure in 1896. 

6. In the perineal portion of the operation, after the mobilized cancerous 
bowel segment is removed, the levator ani muscles are approximated by suture 
and the perianal skin is sutured anteriorly and posteriorly, except in its 
central portion into which a wick is introduced for drainage. Criticism: 
Assuming that the operation was performed for a cancer lying at a low level 
in the rectum, radicality requires an expansive excision of the perianal skin 
and ischiorectal fat, in which event it would be quite impossible to approxi- 
mate, let alone close, the skin. Likewise, the levator ani and rectourethralis 
muscles must be removed in any abdominoperineal procedure. 


CARCINOMA OF ANAL CANAL 


For epidermoid or squamous-eell carcinoma, the extended abdomino- 
perineal operation and iliopelvie lymphadenectomy as performed for low- 
lying rectal cancer obtains, with the addition of bilateral inguinofemoral lymph 
node dissection 10 to 14 days later. 


PRIMARY MULTIPLE MALIGNANCY 


A few years ago we reviewed those of our cases with primary multiple 
malignant tumors and were appalled at the high incidence of primary ovarian 
cancer—11.1 per cent of all women in the series.11 Except for one, all the women 
were in the menopausal or postmenopausal period. The age of menopause 
varies with the individual, henee the age when the cessation of estrogenic 
hormone stimulation occurs is also variable. The relationship between the 
female sex hormones and carcinoma of the female genital organs and breast 
is generally appreciated. How much influence the secretion of ovarian hor- 
mone has upon the development of another primary malignant lesion of the 
genital tract or breast can only be conjectured, but it does raise the question 
as to the advisability of castration of female patients who have malignant 
lesions of the rectum or colon concurrently with the removal of the bowel 
lesion, at least in women of this age. In those patients who still have estro- 
genie activity, castration would eliminate the hormonal influence in the de- 
velopment of another cancer of the genitals or breast. During the past five 
years we have performed bilateral oophorectomy on all female patients over 
the age of 40 at the time of the bowel resection, when performed for cure. 

Burt has discussed this problem at length but is prone to consider the 
ovarian carcinoma a distinctly metastatic rather than a primary growth. He 
advises bilateral oophorectomy when feasible, but in our opinion, barring 
religious scruples and a childless marriage, it may be well chosen as a routine 
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procedure. Deddish'? found ovarian carcinoma present in 8 per cent of his 
cases and for that reason he too advised bilateral salpingo-oophorectomy at the 
time of resection. 


HYSTERECTOMY AND VAGINECTOMY 


In advaneed lesions of the rectum and rectosigmoid it has usually been our 
practice to carry out a total hysterectomy, and we incline to the view that routine 
hysterectomy in all patients over the age of 40 may be well chosen. With sus- 
picious involvement of the vaginal wall, and where the cancer is sessile and 
placed anteriorly, it has been our policy to remove the vaginal tube widely. 
Quite recently, Knight and associates”> reported that the five-year survival rate 
of vaginal cancer is 24 per cent, or one-half the survival rate of patients with 
lesions of the rectum alone, without fixation. 


RERESECTION 


Perhaps a word would not be amiss regarding secondary resection for re- 
current cancer following primary resection. In the mid-forties, it was our 
practice to implant radon seeds or the element, into the recurrence with aec- 
cessibility, and follow with roentgen therapy. Needless to say, the results 
were extremely discouraging and the procedure was discontinued. During 
the ensuing period, celiotomy was employed but, even then, it was observed 
that in those who complained of bleeding and obstructive symptoms, a hope- 
less situation was disclosed. This prompted us to initiate a rather rigid 
regimen for follow-up. Following operation, all cancer patients have been 
examined once a month for the first year, every three months for the second 
and third years, and every six months thereafter through the fifth year, after 
which they are examined at yearly intervals. Opaque enema studies of the 
colon by the contrast method are made each year. This regimen has afforded 
greater opportunity for the detection of a suspicious lesion or early recurrence. 

The problem of reresection for early reeurrent carcinoma is distinetly 
different from resection where a patient has been declared inoperable. We 
have all encountered numerous eases in which, because of the size of the 
growth, its location, apparent fixation, presence of a palpable node or liver 
nodule, presumably metastatic, and so forth, the abdomen is closed, with or 
without a colostomy, and the patient is declared inoperable and sent home to 
die. We should constantly bear in mind the experience of Hans Finsterer,”’ 
who reported a series of 62 patients who had been declared inoperable by other 
surgeons. ‘‘In 24 per cent, a permanent cure was accomplished, with a sur- 
vival of from 5 to 24 years.”’ 

Reresection has been employed in 30 of our patients, and 18, or more than 
half, lived or are living for two years, and 13 for three years or more. Two 
later died in the fifth year and one in the sixth, while four are alive and well 
in the seventh. The longest survival is that of a man who was resected in 
1945 at the age of 73. Because of recurrence and extension into the ab- 
dominal wall, he was reresected in 1947. When last examined in February, 
1956, he was well and free of recurrence. 
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The results with reresection even in the absence of liver metastasis and 
extensive pelvic implants are far from ideal for rectal cancer, yet in our 
limited experience with early recurrence it would appear to be a worth- 
while procedure, not entirely because the patients live longer, but rather be- 
eause they suffer less. 


SUMMARY 


Too many people who might live, die of cancer every year. The responsi- 
bility lies as much with the physician as with the lay public. The public must 
be persuaded to seek diagnosis early and, in doing so, to insist upon a com- 
petent and interested physician. Just as much persuasion is needed to prod 
the physician out of an attitude of casualness and into one of constant alert- 
ness to the existence of premalignant lesions. This will prevent such disastrous 
incidents, all too often seen, as cancer of the lower bowel being wrongly 
treated for hemorrhoids, irritable colon, spastic colon, fissure, and a variety of 
conditions. Such mistakes are disastrous, because the time lost spells the dif- 
ference between life and death. 

Something must be done to advance the early recognition and treatment 
of these lesions regarding which the improvement over a 17-year period has 
been miserably scant. Granted an awareness that premalignant and malignant 
lesions are of common occurrence, diagnosis can be made with a high degree 
of accuracy. 

Additional effort is required to improve the percentages of 5- and 10-year 
cures, possibly the extension of curative resection. Ligation of arteries at a 
higher level, and wider dissection of lymph node-bearing areas, seem indicated. 


Reresection for early recurrence after primary resection may appreciably 
extend the life expectancy of these patients. 
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THE VIABILITY OF PROXIMAL GASTRIC REMNANTS FOLLOWING 
RADICAL SUBTOTAL GASTRECTOMY AND 
GASTRODUODENOSTOMY 


AN EXPERIMENTAL STUDY 
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Vanderbilt University School of Medicine) 


ISSATISFACTION with the results of surgical treatment of carcinoma 
D of the stomach has led as a natural consequence to the advocacy of more 
radical procedures than frequently performed in the past. This trend has re- 
sulted in some elinies in the performanee of total gastrectomy in most eases. 
A more conservative approach is that of a wider resection of regional lym- 
phaties along with subtotal gastrectomy when applicable. 

Assuming that the operative procedure represented by the latter view- 
point was to be extended as far as was consistent with regional anatomy and 
physiology, there would remain in the majority of cases a proximal gastric 
pouch stripped of its major arterial supply. This study represents an at- 
tempt to evaluate experimentally the extent to which the blood supply from 
the diaphragm and above will support such gastric remnants in dogs. 


MATERIALS AND METHODS 


The experimental subjects were 21 adult mongrel dogs selected at random. 
They were subjected to subtotal gastrectomy of varying extent under veter- 
inary Nembutal anesthesia (30 mg. per kilogram). The operative procedure 
included excision of the greater and lesser omenta and splenectomy. The last 
eroup of experiments (Table I) also included dissection of the esophageal 
hiatus. The extent of gastrectomy referred to in Table I is an approximation 
in that it was determined in each instance by the length of stomach to be re- 
sected compared with its overall length. All of the major arteries supplying the 
stomach were ligated as close to their origin as possible. Intestinal continuity 
was re-established by a Shoemaker-Billroth I gastroduodenostomy. 

Intravenous fluids were administered during operation and for at least 2 
days thereafter. In a few instances it was necessary to continue intravenous 
fluids for a longer period due to persistent vomiting. Proeaine penicillin 
(300,000 units) and streptomyein (0.5 Gm.) were administered daily for 3 
days after operation. Water only was offered on the first postoperative day ; 
a standard kennel ration on the second. 
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All animals that expired as a consequence of this experimental procedure 
were autopsied. Those that survived were sacrificed from 40 to 120 days post- 
operatively by exsanguination. During the autopsy of each animal of the 
latter group, the aorta was occluded proximally at the arch and distally just 
cephalad to the celiac axis. It was then injected with a 1:1 barium sulfa- 
water suspension. Following the arterial injection, the stomach, distal esopha- 
gus, and a cuff of diaphragm were excised, and x-rays were obtained of the 
specimen. As controls, similar injection studies were performed on dogs that 
had not undergone gastric surgery. 


RESULTS 
The results are tabulated in Table I. 
Six animals were subjected to 80 per cent resection. Four of these ani- 
mals survived and were later sacrificed. One animal expired on the fifth 
TABLE I. TABULATED ARE THE END RESULTS OF 25 OPERATIVE PROCEDURES AS DESCRIBED IN 


THE TEXT. THE AUTOPSIES WERE INCOMPLETE IN THE CASES OF ANIMALS NOS. 97 
AND 131 BECAUSE OF THEIR DETERIORATED CONDITION 





APPROXI- | | 
MATE PER 
ANIMAL |CENT GASTRIC CONDITION OF 
NUMBER REMNANT CAUSE OF DEATH ANASTOMOSIS LOCATION OF NECROSIS 


55 20 Sacrificed Good None 
137 20 Sacrificed Good None 
162 20 Sacrificed Good None 
259 20 Sacrificed Good None 
242 20 Peritonitis, 5 days Good None 
264 20 Perforation of suture Poor Greater curvature 
line 
144 40 Sacrificed Good None 
149 40 Sacrificed Good None 
179 40 Sacrificed Good None 
99 40 Sacrificed Good None 
114 40 Abscess around sponge, Good None 
78 days 
178 40 Peritonitis, 4 days Good None 
40 Necrosis and perfora- Poor Greater curvature 
tion, 2 days 
40 Necrosis and perfora- Poor All except cardia 
tion, 2 days 
60 Sacrificed Good None 
60 Peritonitis, 3 days Autopsy incom- Autopsy incomplete 
plete 
60 Necrosis and perfora- Poor Greater curvature 
tion, 4 days 
60 Necrosis and perfora- Poor Entire remnant 
tion, 2 days 
131 60 Peritonitis, 5 days Autopsy incom- Autopsy incomplete 
plete 
ST7TA 10-15 Sacrificed Good None 
399A 10-15 Sacrificed Good None 
578A 10-15 Necrosis and perfora- Poor Greater curvature 
tion, 4 days 
562A 10-15 Necrosis and perfora- Poor Greater curvature 
tion, 3 days 
381A 10-15 Abscess about suture Poor Not certified 
line, 22 days 
472A 10-15 Necrosis and perfora- Poor Greater curvature 
tion, 3 days 
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postoperative day with infaretion of the stomach, perfcration, and resultant 
peritonitis. Another also expired on the fifth postoperative day with peritoni- 


tis, but there was no necrosis of the residual gastrie pouch. The suture line 
was intact as was demonstrated by the absence of leakage when the specimen was 
distended with saline. 

Eight animals underwent a 60 per cent gastric resection. Four survived 
until sacrificed. One died on the seventy-eighth postoperative day from 
peritonitis resulting from the rupture of an abscess about a retained sponge. 
Another of this group expired on the fourth postoperative day with peritoni- 
tis of undetermined etiology. The gastric pouch and suture line were intact. 
The remaining two animals expired on the second postoperative day with 
peritonitis resulting from the perforation of necrotic areas in the gastric rem- 
nant. 


Fig. 1.—Depicted are examples of arterial injection studies as described in the text. 
The increase in collateral circulation in the experimental specimen as compared to the con- 
trol is demonstrated. Also to be noted is the relative avascularity of the greater curvature 
in both specimens. 


Another group composed of 5 animals was subjected to 40 per cent gastric 
resection. Only one animal survived until sacrificed. The remaining 4 animals 
of this group succumbed as a result of peritonitis subsequent to the perfora- 
tion of necrotie areas in the residual gastric pouches. 

The final group, composed of 6 animals, underwent 85 to 90 per cent 
gastric resection. The only addition to the experimental procedure in the pre- 
ceding groups was the dissection of the cardioesophageal junction at the 
esophageal hiatus. Two animals survived until sacrificed. Three animals ex- 
pired during the first 4 postoperative days of peritonitis resulting from necro- 
sis and perforation of the gastric remnant. The remaining animal succumbed 
on the twenty-second postoperative day to an abscess about the suture line. 
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At autopsy of the animals which expired, necrosis and perforation, when 
present, occurred along the distal portion of the greater curvature of the gas- 


tric remnant. 

The arterial injection studies described above were done on all experi- 
mental subjects that survived until sacrificed. These injection studies re- 
vealed increased collateral circulation as compared to the controls. This col- 
lateral circulation appeared to arise from anastomoses between branches of 
the left gastric, inferior phrenic, and esophageal arteries (Fig. 1). In the 
fourth group of animals, collaterals from the esophageal arteries only were 
demonstrated since those from the inferior phrenic artery had been divided 
during the operative procedure. 


DISCUSSION 


The results of these experimental studies (Table I) were as anticipated; 
the larger the residual gastric pouch deprived of its major arterial supply, 
the greater the incidence of necrosis and perforation. Gastric remnants of ap- 
proximately 20 per cent were associated with a 20 per cent incidence of per- 
foration and secondary peritonitis. Forty per cent gastric remnants were 
similarly affected in 25 per cent of animals. The incidence of necrosis in- 
creased sharply to 80 per cent with 60 per cent residual gastrie pouches. 

Of interest is the last group of experiments. There was an incidence of 
60 per cent of nonviability when the gastric remnant measured only 10 to 15 
per cent but was dissociated from the diaphragmatie collateral. 

Necrosis occurred uniformly to the greatest degree on the distal greater 
curvature in juxtaposition to the gastroduodenal anastomosis. Arterial in- 
jection studies performed after sacrificing surviving animals demonstrated 
increased collateral circulation when compared with controls (Fig. 1). How- 
ever, the largest collaterals were present along the lesser curvature. All 
anastomoses were performed on the greater curvature aspect of the divided 
end of the stomach as a Shoemaker modification of the Billroth I anastomosis. 
The distance along the greater curvature from the cardioesophageal junction 
was consequently somewhat greater than along the lesser curvature. Rubber- 
shod clamps were applied to the gastric remnant during the anastomosis. It 
is probable that these two factors, distance from available collateral arterial 
supply and pressure applied during the operative procedure, contributed to 
the location of necrosis on the greater curvature. Whether the incidence of 
necrosis and perforation could be modified to any extent by alterations in tech- 
nique or by the more vigorous use of antibiotics is a matter of conjecture. The 
recent work of Cohn and Rives! would indicate that the latter factor might 
be of some importance. It would appear in any event that in the dog the 
collateral cireulation from the diaphragm and above is adequate to support 
the majority of gastric pouches of 20 to 40 per cent deprived of their major 
arterial supply. In addition, it seems apparent that a major portion of that 
collateral circulation is derived from the diaphragm. This is evidenced by 
the results of the fourth group of experiments. The incidence of necrosis 
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of the gastric remnant was high with small residual pouches when the ecardio- 
esophageal area was dissected and, as a consequence, the collaterals from the 
inferior phrenic artery divided. 


SUMMARY 

Twenty-five mongrel dogs were subjected to subtotal gastrectomy of 
varying extent, which included excision of the lesser and greater omenta and 
the spleen. Intestinal continuity was re-established by the Shoemaker modifi- 
cation of the Billroth I anastomosis. The incidence of necrosis and perfora- 
tion with secondary peritonitis was found to increase as the size of the residual 
gastric pouch was increased. Arterial injection studies in surviving animals 
revealed an increase in collateral cireulation as compared to controls. These 
collaterals appeared to arise for the most part from anastomoses between the 
left gastric, inferior phrenic, and esophageal arteries. Small gastrie rem- 
nants were subject to a high incidence of necrosis when division of the 
collaterals from the diaphragm was added to the experimental procedure. 
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UROPEPSIN EXCRETION: ITS RELATION TO DUODENAL 
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ie RECENT years, the study of pepsinogen excretion into the urine has 
beeome very attractive to both the clinician and the physiologist. To the 
clinician, it may present an aid in the differential diagnosis of such a notoriously 
difficult condition as massive upper gastrointestinal hemorrhage, whereas, to 
the physiologist, it opens new frontiers which may be probed in the seemingly 
never-ending search for information about the mechanisms of gastric secretion. 

Uropepsin may be defined as the inactive proenzyme pepsinogen found in 
the urine of normal human beings (Gottlieb*). In 1950, Janowitz and Hol- 
lander™® demonstrated a quantitative ratio of 99:1 between the secretion of the 
chief cell into the gastric lumen and into the blood. Thus, it accurately reflects 
the peptic activity of the stomach at a given time. 


Many attempts have been made to utilize the urinary excretion of pepsinogen 
as a diagnostic tool. These attempts have met with varying degrees of success 
(Goodman and associates’; Eastcott and co-workers‘; Hirschowitz'!; Cubberley 
and others’; and Levy and Levine’). The intrinsic value of this laboratory 
procedure in diagnosis has been nicely demonstrated by Sireus,'® and by Gray 
and co-workers.® Although different techniques for determining uropepsin 
excretion were utilized in these studies, it was apparent that patients with 
duodenal ulcer consistently excreted at least 2 times more uropepsin than 
normal control patients. 

Considerable data have accumulated in the literature, which suggests that 
in most patients a high uropepsin excretion also indicates the presence of 
increased amounts of hydrochloric acid in the stomach (Gray, Benson, Reifen- 
stein, and Spiro®; Janowitz and Hollander‘; Aitken, Spray, and Walters’). 
Thus an acid-peptie chyme, potent in its digestive qualities, should be present 
whenever the uropepsin excretion is found to be elevated. If an elevated 
acid-peptice level in the stomach is a sine qua non of duodenal ulcer disease, 
does an elevated uropepsin excretion reflect the intensity of the intrinsic 
disease process in a given patient, and thus mirror the patient’s propensity 
for complications following surgical therapy? 

In order to investigate some of these facets of the peptic ulcer problem, 
the uropepsin excretion has been studied in a group of patients who have had 
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a simple gastrojejunostomy performed for duodenal ulcer disease, and upon 
whom we have both subjective and objective information as to the clinical 
course of their disease since surgical treatment. 


METHODS 


Seventy-two patients were admitted to the hospital for at least 2 full days of urine 
collections. The urine was collected under toluene and refrigerated at the end of the col- 
lection period at 4° C. The urine specimen was not allowed to stand longer than 72 hours 
before processing. 

The methods for determination of pepsinogen in the urine were those as described in 
detail by Sireus.19 This is a modification of the dehydrated-plasma method for determining 
gastric pepsin described by Hunt.12 

Figures for individual patients represent the average units of uropepsin excreted per 
24 hours. A unit of uropepsin (U.U.?) is defined as the amount of enzyme releasing the 
spectrophotometric equivalent of 1 ml. of L-tyrosine from 0.1 Gm. of plasma-protein sub- 
strate in two hours’ digestion at 37° C. This is the uropepsin unit as described by Sireus19 
in 1954. 

Fluctuations in the level of uropepsin excretion may be quite marked from day to 
day. Thus, it is imperative that an aliquot of urine from at least two 24-hour periods be 
tested. This will help to remove the element of error from chance sampling. 

Sireus2° (1956) has also pointed out the need of meticulous care with the glassware 
utilized for the tests. Residual detergent in the glassware has been found to nullify many 
experiments (Watkinson2¢). 


RESULTS 


The patients of this study were divided into 3 groups according to their 
clinical response to therapy (Table I). A Class I patient had been asymptomatic 
since surgical treatment and was considered a satisfactory result. A patient 
was classified as an unsatisfactory result (Class II) if at any time during 
the postoperative period there had been any symptoms referable to the upper 
gastrointestinal tract. Many of the patients in this latter class were well 
pleased with the result of the operation. Investigation of the upper gastro- 
intestinal tract in all these patients had failed to reveal evidence of recurrent 
ulceration. None of the patients in Class II had been subjected to further 
surgery. The presence of a niche in the mucosa of the stomach, jejunum, or 
duodenum demonstrated by barium swallow was also considered to indicate 
evidence of ulceration. Pain associated with either hematemesis or melena 
was the only symptom complex which would place a patient into the Class 
HII (proved recurrent ulceration) group of patients. The patients in both 
Class II and Class III were considered to be in relapse or remission at the 


TABLE I. CLASSIFICATION OF PATIENTS AFTER SIMPLE GASTROJEJUNOSTOMY 








Class I—Satisfactory Result 
1. Over one year since gastrojejunostomy 


Class II—Unsatisfactory Result* 
1. Pain, hematemesis or melena alone 
2. Ancillary studies—Negative 


Class I1I—Poor Result* (proved recurrent ulceration) 
1. Barium Meal Positive 
2. Verified by surgery 
3. Pain plus melena and/or hematemesis 





_,, Patients in relapse or remission at time of test. Relapse indicates symptoms present 
within 3 months. Remission indicates patient asymptomatic over 3 months. 
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time of the test. This indicated that the patient had noted symptoms within 
a 3-month period of the test or that he had been asymptomatic for a similar 
leneth of time. 

A series of normal control patients was not studied. There is no signifi- 
eant difference of uropepsin excretion between this series of patients with 
duodenal ulcer treated by simple gastrojejunostomy and the patients with 
duodenal uleer reported by Sireus”® (Table II). Thus, a proper perspective 
ean be gained from the figures presented in this series of patients when they 
are compared with the mean uropepsin excretion of normal control patients 
(262 U.U.” per 24 hours) and duodenal uleer patients untreated by surgery 
(480 U.U.” per 24 hours) as reported by Sireus.'” 7° 


TABLE II. COMPARISON OF UROPEPSIN EXCRETION IN PATIENTS WITH DUODENAL ULCER 
DISEASE, WITH AND WITHOUT GASTROJEJUNOSTOMY 











| NO. OF | MEAN EXCRETION | 
STUDY PATIENTS U.U.?/24 HOURS | DIFFERENCE 
Sireus (1956) 
( Unoperated ) 70 480 + 25* 
Present series 
gastrojejunostomy 72 472 + 33* 








*Standard error of mean. 


Table III gives details of the follow-up in the 72 patients herein presented. 
A majority of the patients are males. Recurrent ulceration was not found in 
any of the females. The length of follow-up was significantly long in all classes. 
A review of the Class II and Class III patients revealed that the average length 
of time from the gastrojejunostomy until the first symptom was 5 years. 
Thus, a majority of the Class I patients should remain symptom free, since 
an average of 7 years has elapsed since surgery. It is interesting that the 


TABLE III. FoLLow-up AFTER SIMPLE GASTROJEJUNOSTOMY 
(TREATMENT FOR DUODENAL ULCER) 








AVERAGE LENGTH AVERAGE AGE 
NUMBER OF PATIENTS OF FOLLOW-UP AT TIME OF 


CLASS TOTAL | MALE | FEMALE (YEARS ) G J. | STUDY 











I 30 16 14 7 49 
II 22 16 6 10 45 
Ill 2 20 0 1] 39 
Average 
or 
Total ; 20 45 








TABLE IV. UROPEPSIN EXCRETION 
(OVER-ALL UROPEPSIN EXCRETION—472 U.U.? PER 24 HOURS) 








UNITS OF UROPEPSIN EXCRETED 
PER 24 HOURS 
CLINICAL CATEGORY NUMBER OF CASES RANGE | MEAN 
Class I 30 71-840 370 
Over-all 22 0-1,033 402 


Class II Relapse 13 81-1,033 469 
Remission ‘ 0-779 305 








Over-all 342-1,315 702 
Class III Relapse 342-1,072 680 


Remission 447-1,315 753 
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patients with proved recurrent ulceration were an average of 10 years younger 
at the time of surgery than the Class I patients at the concomitant period of 
their disease. : 

A summary of the uropepsin excretion in the 3 groups is presented in 
Table IV and Fig. 1. The mean uropepsin excretion per 24 hours for all the 
patients of this study was 472 units. There is no significant difference between 
Classes I and II. However, there is a very significant difference between Classes 
I or II and Class III (Table V). 


CLINICAL RESULT 
SATISFACTORY UNSATISFACTORY 
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Fig. 1.—Scattergram indicating the uropepsin excretion of patients as contrasted with their 
clinical course following simple gastrojejunostomy. 


TABLE V. COMPARISON OF THE UROPEPSIN EXCRETION IN CLASSES I, II, AND III 








CLASS | NO. OF PATIENTS | MEAN | MEAN DIFFERENCE | P 
Class I 370 + 40* rare 
Class II 402 + 52 32 + 70 >0.7 


Class II 402 + 58 
Class TIT 702 + 52 = <9.001 





Class I 370 + 40 
Class III 702 + 52 = <0.001 


*Standard error of the mean. 





The influence of ulcer activity and sex upon uropepsin excretion is pre- 
sented in Table VI. It appears that males with duodenal ulcer disease tend 
to maintain a high level of uropepsin excretion, regardless of the state of 
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ulcer activity. This is particularly apparent in Class III; the patients in 
remission excreted a mean of 753 U.U.? per 24 hours, whereas the patients in 
relapse excreted a mean of 680 U.U.? per 24 hours. The number of observations 
in females with symptoms is probably not sufficient to enable an analysis. A 
comparison of the asymptomatic patients of this series and the patients pre- 
sented by Sircus that were in remission is presented in Table VII. This 
demonstrates very nicely the difference in uropepsin excretion between males 
and females when in a state of clinical remission. 


TABLE VI. INFLUENCE OF ULCER ACTIVITY AND SEX ON UROPEPSIN EXCRETION 








AVERAGE UROPEPSIN UNITS EXCRETED PER» 
24 HOURS 
MALE | FEMALE 





CLINICAL CATEGORY No. | uw? | NO. U.UP 
Class I 16 430 14 302 


Relapse 9 4 365 








Class II 
Remission 7 5 2 134 


Relapse 14 0 
Class III 
Remission 6 5: 0 





TABLE VII. CORRELATION OF UROPEPSIN EXCRETION BETWEEN PATIENTS WITH DUODENAL 
ULCER IN REMISSION (Sixcus, 1954) AND SIMILAR PATIENTS (CLASS I) oF THIS StTupy 








NO. OF MEAN EXCRETION 

STUDY SEX PATIENTS (u.U.?/24 HOURS ) 
Sireus (1954) M 24 413 
( Remission ) F 3 232 
Present series M 16 430 
(Class I) F 14 302 








Details of the patients with proved recurrent ulceration are presented 
in Tables VIII and IX. 


DISCUSSION 

At the present time, there is an intensive search in surgical circles for an 
ideal operation for treatment of duodenal ulcer disease. The three-quarters 
gastrie resection has succeeded in removing the danger of recurrent ulceration, 
but there has been much dissatisfaction among surgeons after these high 
resections because of severe postcibal symptoms and in many instances very 
poor general nutrition. Thus, it has been recognized that a definite need exists 
to balance the danger of recurrent ulceration against the possible development 
of incapacitating postgastrectomy signs and symptoms. 

It was with these problems in mind that this surgical unit undertook in 
1951 to restudy simple gastrojejunostomy as a form of treatment for duodenal 
ulcer. It was hoped that in a carefully controlled group of patients certain 
criteria might be used to aid in proper patient selection for this type ot 
operation. Factors considered for patient selection included age, sex, pyloric 
stenosis, obesity, and tuberculosis. 





TABLE VIII. DETAILS OF PATIENTS WITH PROVED RECURRENT ULCERATION IN RELAPSE 








AGE 
PATIENT | (YR. ) 


SEVERE PRE-OP. 
COMPLICATION 


YEAR OF FIRST 
POSTOP. 
SYMPTOM 


PRESENT 
INDICATION 
OF RECURRENT 
ULCER 


MEAN 
EXCRETION 
(v.U.P/24 
HR. ) 





A.M. 44 
P.&. 33 


T.C. 


Perforation 
(1947) 


Perforation 
(1925) 


Hemorrhage (2) 
perforation 
(1944) 


Melena 
(1954) 


Melena(2) 
(1950, 1953) 


Perforation 
(1939) 


Perforation 
(1946) 


Perforation 
(1930) 


1952 
(Pain) 


1955 
(Pain) 


1934 


(Perforation) 


1952 
(Pain) 


1953 


(Melena) 


1956 
( Pain) 


1953 
(Pain) 


1955 


(Melena) 


1955 


(Hemateme- 


sis) 


1948 
(Pain) 


1955 
(Pain) 


1941 
(Pain) 


1955 
(Pain) 


1943 
(Pain) 


Surgery 
(Stomal) 


Surgery 
(Stomal ) 


Barium meal 
(Gastric) 


Pain and 
Melena 


Surgery 
(Stomal ) 


Barium meal 
(Stomal ) 


Surgery 
(Stomal) 


Barium meal 
(Stomal ) 


Barium meal 
(Stomal) 


Surgery 
(Gastric and 
stomal) 


Surgery 
(Gastric ) 


Surgery 
(Stomal ) 


Barium meal 
(Stomal ) 


Barium meal 
(Stomal) 


522 


631 


912 


444 


702 





TABLE IX. DETAILS 


OF PATIENTS WITH 


PROVED RECURRENT ULCERATION IN REMISSION 








AGE 
PATIENT | ( YR.) 


SEVERE 
PREOP. 
COMPLICA- 
TION 


YEAR 
OF 
G. J. 


YEAR OF 
FIRST 
POSTOP. 
SYMPTOM 


PAST INDICA- 
TION OF 
RECURRENT 
ULCER 


LENGTH 
OF RE- 
MISSION 


MEAN 
EXCRE- 
TION 
(U.U.P/ 
24 HR. ) 





P. WwW. 53 


Perforation 
(1941) 


Perforation 
(1945) 


1946 


1949 


1941 


1947 


1955 


1948 
( Pain ) 


1954 
( Pain ) 


1946 
(Pain) 


1954 
(Pain) 


1955 


(Perfora- 


tion of 
stomal 


1954 
Hemat- 
emesis ) 


Barium meal 7 yr. 
(1948) 
(Stomal) 
Pain and 1 yr. 
melena 


Pain and 6 mo. 


melena 


Barium meal 6 mo. 


(Stomal) 


Surgery 
(Stomal) 


Pain and hem- 
atemesis 


1,315 
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Clark? reported that at the end of one year of follow-up a significant 
number of stomal ulcerations had developed. This was early in the follow-up, 
but it seems that this method of patient selection will not aid in predicting 
the course of the disease after treatment by simple gastrojejunostomy. Other 
methods of patient selection have been presented (Taylor,?? Walton*’), but 
none has gained adherents. It is of interest that Kay*® found no relationship 
between the basal acid gastric secretion or acid secretion after the augmented 
histamine test and the clinical response to treatment in many of the patients 
presented in this study. 

Simple gastrojejunostomy as a means of surgical treatment for duodenal 
ulcer has been dropped from the therapeutic armamentarium of many clinics. 
Current literature indicates, however, that many of these operations are still 
being performed and, thus, the problem of marginal or stomal gastrojejunal 
ulcer after simple gastrojejunostomy is not uncommon (Walters, Chance, and 
Berkson**; Smith and Strange*!; Osnes'*). 

A presumptive diagnosis of gastrojejunal stomal ulceration is usually made 
when a patient complains of pain after simple gastrojejunostomy. Walters 
and associates** reiterated the well-known fact that the recognition of a gastro- 
jejunal ulcer by x-ray is very difficult. It was noted that it is more difficult 
to demonstrate roentgenologically a gastrojejunal ulceration after simple gastro- 
jejunostomy than after gastric resection, and that in their series a positive 
diagnosis of gastrojejunal ulcer after simple gastrojejunostomy was made by 
x-ray in only 37 per cent of the patients. 

The excretion of uropepsin after simple gastrojejunostomy appears to be 
of marked diagnostic importance. A patient presenting symptoms of epigastric 
pain, hematemesis, or melena and also exereting uropepsin within the range 
of the Class III patients of this study most probably has a recurrent ulceration. 

The elevated uropepsin output in these patients probably is not due to 
the presence of an active mucosal ulceration. It seems very plausible that a 
patient in relapse, with the pain and associated worry about recurrence of 
symptoms, would have an inereased uropepsin excretion. This would not be 
deviating from the newer concepts of increased uropepsin exeretion in the 
presence of acute stress as mediated through the pituitary-adrenal-gastrie axis 
(Gray, Ramsey, Reifenstein, and Benson'’). This does not explain, however, 
the elevated uropepsin excretion in the asymptomatic patients presented in Class 
III of this study. These latter patients had been asymptomatic from 6 months 
to 7 vears at the time of the test. In all these patients, a stomal ulceration had 
complicated their postgastrojejunostomy course. The elevated uropepsin 
excretion in these patients must reflect a state of chronic stress and thus reflects 
their tendeney to have a complicated course after surgical therapy. There is 
much argument at present whether this stress effect (Chronic) is mediated via 
the vagus nerves or via the adrenals. The work of Gray’ which indicates that 
changes in uropepsin excretion closely follow changes in ketosteroid excretion, 
and that an inereased uropepsin excretion is not influenced by vagotomy, is 
strong evidence in favor of the pituitary-adrenal complex being more closely 
related to increased peptie activity of the stomach in patients with duodenal 
ulcer disease than the pituitary-vagal component. 
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In order to place credence in the foregoing, it is necessary to examine the 
possibility that the patients in this communication are excreting essentially the 
same amount of uropepsin as they did preoperatively. There are five factors 
which seem to substantiate this possibility. (1) The basic number of chief cells 
secreting pepsin has not been appreciably changed by simple gastrojejunostomy. 
(2) Although there may be an increase in the output of HCl from the stomach 
(primarily antral in origin) after simple gastrojejunostomy (Kanar and 
associates'®), work of Villarreal and co-workers** suggests that the antral phase 
of gastric secretion is not intimately associated with peptic activity of the 
stomach and thus intrinsic mechanisms set up by this operative procedure 
would probably not alter the pre- and postoperative uropepsin relationship. 
(3) As shown in Tables VIII and IX, the patients with recurrent ulcerations 
were very prone to severe preoperative complications, i.e., perforation and 
hemorrhage. This indicates that the disease process was severe from its onset 
and it does not seem inappropriate that their uropepsin excretion should have 
been at the same high level preoperatively. (4) The close correlation between 
the uropepsin excretion of patients with duodenal ulcer disease presented by 
Sireus’® ?° and the postoperative patients in this series (Table II) lends further 
support to the belief that the figures presented herein mirror the preoperative 
uropepsin excretion. (5) Finally, Table X presents data on uropepsin excre- 
tion before and after gastrojejunostomy. The close relationship between the 
pre- and postoperative uropepsin excretion is readily apparent. 


TABLE X. UROPEPSIN EXCRETION BEFORE AND AFTER SIMPLE GASTROJEJUNOSTOMY 








MEAN PREOP. MEAN POSTOP. 
EXCRETION EXCRETION 
NO. PATIENT AGE (U.U.?/24 HOURS ) (u.U.?/24 HOURS ) 
1 R. M. 64 502 530 
2 H. D. 50 370 358 
3 A. H. 70 50 60 
a A. MeQ. 62 271 296 








It will take at least 5 to 10 years before a final answer ean be given con- 
cerning the true significance of uropepsin excretion as indicated by this study. 
If it is true that the uropepsin excretion does reflect chronic stress, the patients 
presented in Fig. 1, who fall above the mean uropepsin excretion in Classes 
I and II, should move into Class III, whereas those patients below the mean 
should predominantly remain as they are now placed. 

The number of patients presenting symptoms, but who still excrete uro- 
pepsin in decreased amounts, is high (18 per cent of the total). Eleven of 
these 13 patients have had only minimal complaints. The pathology present 
giving rise to these symptoms is unknown. Superficial gastritis, jejunitis, 
afferent loop syndrome, or malfunctioning gastrojejunal stoma are among the 
possibilities. An average of 25 years has passed since 5 of these patients had 
the gastrojejunostomy performed. This certainly demonstrates the benignity 
of the duodenal ulcer disease in these 5 patients. 

Only one patient with a proved stomal ulceration excreted an amount of 
uropepsin significantly below the mean, 342 units. The barium meal in this 
patient was very interesting. In part it read, ‘‘... a posterior gastrojejunostomy 
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has been performed. The stoma is a distance from the pylorus, and the most 
dependent part of the stomach is overhanging it in the erect position. “ie 
The operative report in this patient at the time of simple repair of a jejuno- 
colic fistula in 1941, indicated the presence of ‘‘marked duodenal stenosis from 
former ulceration.’’ There seems little doubt that this patient’s recurrent 
trouble was due to hyperactivity of the antral phase of gastric secretion due 
to poor placement of the gastrojejunal stoma in the presence of duodenal 
stenosis. 

In light of the foregoing, can the estimation of uropepsin exeretion be used 
as a preoperative indication of the appropriate surgical treatment in a given 
patient? If uropepsin excretion does reflect accurately the intensity of the 
disease process or the patients’ intrinsic response to chronic stress, it may 
prove to be an excellent guide to therapy, both medical and surgical. 

It will be many years before we have the answer concerning the newer 
concepts of gastrie surgery for duodenal ulcer disease. The tendeney will be, 
in the future, to give the patient an operative procedure tailored to fit each 
individual need, rather than performing a routine procedure on all patients, 
often to the patient’s detriment. It is in this new approach to surgery for 
duodenal ulcer where uropepsin determinations may be of great value. Patients 
following vagotomy plus antrectomy, pyloroplasty, or gastroenterostomy seem 
to do very well from a nutritional standpoint, and also have very few postcibal 
symptoms. The question of recurrent ulceration remains unanswered. It 
would seem highly plausible that these latter procedures would be ideal in the 
patients with a low uropepsin excretion, reserving the high or three-quarters 
gastric resection for the patient with an elevated daily uropepsin output. 


SUMMARY 

The uropepsin excretion of 72 patients who have previously had a simple 
gastrojejunostomy for duodenal ulcer disease is studied. The results confirm 
the work of Sireus,’* *° which indicated that patients with duodenal ulcer 
excrete elevated amounts of pepsinogen in the urine. The figures presented 
by him ean be readily duplicated if proper attention is given to a few small 
details. 

There appears to be a very significant correlation between symptoms due 
to recurrent ulceration after gastrojejunostomy and an increased output of 
uropepsin. It is shown that this test can be used as a reliable indicator of 
recurrent ulceration in patients with symptoms after gastrojejunostomy. 

The possibility is discussed that these patients are excreting essentially 
the same amount of uropepsin as they did in the preoperative phase of their 
disease. If this is true, it would appear that the uropepsin excretion not only 
reflects acute stress, but also chronic stress. The determination of uropepsin 
in the urine may thus find a role as a preoperative test to determine the most 
appropriate approach to surgical therapy. 
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CARCINOMA OF THE EXTRAHEPATIC BILE DUCTS 
REVIEW OF THE LITERATURE AND REPORT OF SLX CASES 
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(From the Departments of Surgery and Pathology, Augustana Hospital) 


Ce of the extrahepatic bile ducts occurs frequently enough to 
merit consideration in every case of extrahepatic biliary obstruction. 
The small percentage of correct preoperative or ante-mortem diagnoses bears 
testimony that it has not been given sufficient importance in the differential 
diagnosis. The course of a malignant lesion of the extrahepatic bile ducts is 
rapid and dramatie because even a small lesion may completely obstruct the 
bile duct. If seen late, it is frequently impossible to determine accurately the 
exact primary site of the tumors of the biliary tract because even a small 
lesion may involve multiple components of the biliary tract or invade con- 
tiguous tissues. The common embryoni¢c origin and similar anatomic strue- 
ture of the gall bladder and the extrahepatic bile duets account for the close 
microscopic resemblance between carcinomas of the extrahepatic bile ducts 
and malignancies of the gall bladder. However, there may be little clinical 
similarity in these lesions. 

In this review consideration will be given only to those carcinomas of 
the extrahepatic bile ducts microscopically proved by surgical biopsy or 
autopsy. Lesions of the gall bladder and the ampulla of Vater are excluded. 


HISTORICAL NOTE 


According to Renshaw,?? Durand-Fardel, in 1840, reported the first case of primary 
carcinoma of the common bile duet, and Schueppel, in 1878, described the first hepatic duct 
carcinoma, Stewart and associates,93 in 1940, reviewed the world literature through 1936 
and found 98 eases with the history and microscopie study satisfactorily documented. To 
these they added 6 cases. They encountered 211 additional cases of carcinoma listed under 
this title, which they considered unacceptable because of lack of microscopic confirmation. 
They were unable to find any unequivocal case of primary carcinoma of the cystie duct. 
Ransom??2 reported 4 cases of primary carcinoma of the cystic duct in April, 1938; and in 
May, 1938, D’Aunoy and associates?’ reported 2 additional cases. Occasional cases of 
cystic duet carcinoma have been described since that time.11, 20, 24, 26, 28, 37, 43, 45, 49, 56, 
66, 67, 91, 99 

In our review of the accessible world literature from 1935 through June, 1954, we 
found 564 acceptable primary carcinomas of the extrahepatic bile ducts. To these we 
have added 6 eases seen at the Augustana Hospital in the past 8 years (Table I). 

Supported by funds from the Nelson M. Percy Research Foundation. 


Received for publication April 24, 1956. 
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In our review of the literature, we encountered 149 additional cases, which were un- 
acceptable because of lack of microscopic confirmation.* 


TABLE I. CARCINOMAS OF THE EXTRAHEPATIC BILE DucTS AS REPORTED BY VARIOUS AUTHORS 











AUTHOR YEAR* LOCATION NO. OF CASES 
Masuda 1935 Japan 15t 
Ransom 1925-1937 Ann Arbor, Mich. 17 
Stewart et al. 1940 Literature through 1936 87} 

Bethesda, Md. and 
Philadelphia, Pa. 6 
Grébl and Pohl 1920-1940 Vienna, Austria 46 
Kirchbaum and Kozoll 1929-1940 Chicago, Ill. 52 
Neibling et al. 1907-1946 Rochester, Minn. 90§ 
Siler and Zinninger 1937-1946 Cincinnati, Ohio 10 
Bagnoli and Pagni 1917-1951 Florence, Italy 14 
Goldenberg 1927-1951 New Haven, Conn. 33 
Fleming 1933-1952 Melbourne, Australia 90 
Other smaller series 1936-1954 Literature through June, 1954 104 
Authors’ series 1947-1954 Chicago, Ill. 6 
Total 570 





*Years covered by series or year of publication. 
*Not included in review of literature through 1936 by Stewart et al. 


tEleven additional acceptable cases reported by Shapiro and Lifvendahl, which were also 
included in Kirchbaum and Kozoll’s later paper from the same hospital. 
4 eee all cases previously reported from the Mayo Clinic: References 36, 46, 59, 73, 
an fo. 
l|References of all acceptable cases: 1, 2, 5, 6, 8, 9, 11, 12, 13, 14, 15, 16, 17, 19, 20, 21, 
22, 23, 24, 26, 27, 30, 32, 35, 39, 40, 41, 42, 48, 45, 48, 53, 55, 56, 57, 62, 67, 68, 70, 71, 74, 76, 
78, 79, 80, 81, 82, 83, 84, 85, 89, 91, 92, 95, 98, 99, 100, and 101. 


INCIDENCE 
The incidence of carcinoma of extrahepatic bile ducts may be expressed 
as: (a) per cent found at autopsy, (b) per cent in biliary tract surgery, 
(c) per cent of all admissions, and (d) per cent of all malignancies. 
The reported autopsy incidence varies from 0.012 to 0.458 per cent (Table 
II). 


TABLE II. INCIDENCE OF EXTRAHEPATIC BILE Duct CARCINOMA FOUND AT AUTOPSY 











NUMBER OF NUMBER OF INCIDENCE 

AUTHOR YEAR* CASES AUTOPSIES (%) 
Masuda 1935 15 3,272 0.458 
Ransom 1925-1937 17 4,657 0.387 
D’Aunoy et al. 1931-1937 6 6,050 0.099 
Dick 1939 t 5 4,239 0.118 
Stewart et al. 1940 5 22,152 0.022 
Kirehbaum and Kozoll 1929-1940 52 13,330 0.390 
Soto 1936-1945 4 4,500 0.089 
Bolli 1946 3 24,500 0.012 
Joe 1947 1 7,842 0.013 
Bagnoli and Pagni 1916-1951 14 29,579 0.047 
Goldenberg 1927-1951 33 8,131 0.400 
Authors’ series 1947-1954 5 1,319 0.380 





*Years covered by series or year of publication. 
7Series covered a 10-year period. 


Five cases were encountered in 1,319 autopsies at the Augustana Hospital 
from 1947 to 1954, an incidence of 0.38 per cent. 


*These reports contained unacceptable cases: 7, 10, 18, 24, 25, 29, 31, 33, 45, 50, 51, 58, 
60, 62, 63, 64, 65, 69, 78, 80, 82, 86, 90, 94, 96, 97, 102. 
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Neibling and associates® reported 41 cases in 14,000 biliary tract opera- 
tions at the Mayo Clinie from 1937 to 1946, an incidence of 0.5 per cent, and 
Goldenberg** noted an incidence of 1.8 per cent of biliary tract surgery over 
a 24-year period. 

The incidence of carcinomas of the extrahepatic biliary tract has been 
reported as 0.007 per cent”? to 0.041 per cent** of all hospital admissions. 

Kirehbaum and Kozoll*® reported an incidence of 2.88 per cent of 1,808 
malignancies found at autopsy, while Masuda® found an incidence of 4.65 
per cent of 322 malignancies in 3,272 autopsies. 

Kor comparative purposes, it is noted that the incidence of carcinoma of 
the gall bladder has been reported as 0.34 per cent of autopsies and 1.16 per 
cent of biliary tract surgery,** and the incidence of carcinoma of the ampulla 
of Vater has been reported as 0.09 per cent of autopsies and 1.13 per cent of 
all malignaneies.** 

SEX AND AGE 

Of the 433 cases in which the sex was stated, 264 were men and 169 were 
women, a ratio of approximately 3 to 2. This is in marked contrast to carei- 
noma of the gall bladder, which occurs 4 times more frequently in women 
than in men.* 

The majority of the patients with extrahepatic bile duct carcinoma are 
in the 50 to 70 year age group (Table III). The ages ranged from 20 to 89 
years, with an average of 59.2 years, in a review of 294 cases in which the 
age was stated. The age ranged from 20 to 89 years, with an average of 
59.3 years in 84 men, and from 23 to 82 years, with an average of 56.7 years in 
62 women. 


TABLE III. DISTRIBUTION OF CARCINOMAS OF THE EXTRAHEPATIC BILE Ducts By DECADES 








YEARS | MALE | FEMALE | TOTAL 


20 29 1 2 
30 39 6 4 10 
40 49 15 8 23 
50 59 23 51 
60 69 44 : 69 
70 79 12 20 
80 89 5 6 

Totals 106 181 











ETIOLOGY 


Though many guesses as to etiology have been hazarded, a consistent 
causative factor has not been demonstrated. Kazama*’ was the first to pro- 
duce carcinoma of the gall bladder in experimental animals by introducing 
into the lumen such foreign bodies as human gallstones, bits of suture, and 
vesicular mucosa. Leitch®? duplicated these results using stones and pellets 
of tar. 

Gallstones coexist with gall-bladder carcinomas in 64.6 to 88 per cent of 
the cases.44 No such correlation is evident with extrahepatic bile duct malig- 
nancies. Stewart and associates®* report a low incidence of 20.2 per cent, 
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while Neibling and co-workers®™ report a high of 57 per cent. In our collected 
series, the presence or absence of stones was stated in 416 eases; 161, or 38.7 
per cent, of patients having carcinoma of the extrahepatic bile ducts had 
stones either in the gall bladder or in the bile ducts. In some eases, the stones 
had previously been removed from the gall bladder. According to Crump,?™ 
the incidence of gallstones found at autopsy in the age group covered here is 
27.4 per cent for men and 38.5 per cent for women. 

Other causative factors, which have been suggested are: (a) evolution of 
a benign glandular papilloma**; (b) carcinoma arising in a previous ‘‘uleer 
in the duct;’’*? however, ulcers are rare in this structure; (ce) earecinogenic 
action of cholic acid in the susceptible subject** or the conversion of bile 
acids to methyleholanthrene’’'; and (d) the observation of higher incidence 
of biliary tract carcinoma in patients having Giardia lamblia infestations.** 

One case of sarcoidosis associated with bile duct carcinoma has been re- 
ported.** Robertson and associates*® reported occurrence of a carcinoma of 
the extrahepatic bile ducts in a patient with congenital absence of the gall 
bladder. A ease in which a carcinoma of the bile ducts occurred many years 
following a cholecystectomy has also been reported.** 


CLINICAL FEATURES 


It is evident, in the light of reported eases, that the pathologie physiology 
of bile duct obstruction is reflected in the symptoms without characteristics 
to suggest its specific cause. 

Due to the location of the tumors, jaundice is of early onset, usually within 


4 months prior to admission, and progressive in 73 to 100 per cent of cases 
(Table IV). The degree and rapidity of onset of the jaundice depend upon 
the rate at which the bile ducts are occluded. Jaundice may be late in devel- 
opment and intermittent in nature when due to papillary adenocarcinomas. 


TABLE IV. SYMPTOMS AS REPORTED BY VARIOUS AUTHORS 








NUMBER JAUNDICE | PAIN 
AUTHOR OF CASES || NUMBER | PERCENT | NUMBER | PERCENT 
Bagnoli and Pagni 14 14 100.0 7 50.0 
Goldenberg 33 24 73.0 13 39.0 
Neibling et al. 90 78 86.7 55 61.1 
Stewart et al. 104 104 100.0 55* 69.5 
Collected cases from literature 61 52 85.2 28 45.9 
Authors’ series 6 5 83.0 3 50.0 
Total 308 277 90.0 161 52.3 


*Fifty-five out of 79 patients in whom presence or absence of pain was stated. 














In spite of the site of origin of the tumors, jaundice was present in 10 
of 14 eases of carcinomas of the eystie duct. 

Pruritus is associated with jaundice early in the disease and is often the 
inost distressing of the symptoms. Palliative procedures which by-pass the 
obstruction may relieve the pruritus without relieving the jaundice completely. 

Pain is intermittent and colicky in nature. Im 52 eases in whieh its 
presence or absence was stated, pain was experienced by 28 patients. The 
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pain was in the right upper quadrant in 15, epigastric in 6, diffuse abdominal 
in 6, and in the chest in 1. In 6 of these cases, the pain radiated to the back, 
right shoulder, chest, or within the abdomen. 

It has been suggested that the pain is probably due to the distention of 
the bile duets or invasion of the surrounding nerves.® 

Other symptoms in order of frequeney are loss of weight, vomiting, 
anorexia, fever, diarrhea, constipation, nausea, and infrequently chills. Weight 
loss, occasionally the first symptom, is due to the anorexia, vomiting, and 
nausea rather than to the carcinoma per se. Neibling and associates®® noted 
in their series an average weight loss of 26 pounds in the 4 to 5 months prior 
to admission. The fever is not due to the carcinoma primarily, but is related 
to superimposed infection usually within the obstructed ductal system. 

The frequency with which the gall bladder becomes palpable depends 
upon the location of the tumor and the presence or absence of antecedent 
pathology in the cystic duct, such as fibrosis and occlusion as demonstrated 
in Cases 1 and 2 of our personal series. The presence of a palpably enlarged 
liver parallels the biliary obstruction more closely than gall-bladder distention. 


LABORATORY DATA 


The laboratory findings are those of bile duct obstruction and secondary 
liver damage without contributing information as to its etiology. The slight 
to moderate anemia, without a consistent diagnostic pattern, and a normal 
to moderately inereased number of polymorphonuclear leukocytes, particu- 
larly in the presence of a superimposed inflammation, are commonplace and of 
no diagnostie value. 

The presence or absence of bile in the duodenal contents is indicative of 
the state of the patency of the bile ducts. However, cystologie studies of 
this material may aid in establishing a definitive cause of the obstruction. 
Lemon,°*’ utilizing this procedure, found that the duodenal contents of nearly 
two-thirds of 37 primary carcinomas of the liver, gall bladder, bile ducts, and 
pancreas contained recognizable tumor eells. 


ROENTGENOLOGIC FINDINGS 


Goldenberg** reported radiologic evidence of a deformity of the second 
portion of the duodenum suggestive of a malignancy in 17 of 27 upper gas- 
trointestinal series, and 12 of 14 cholecystograms revealed abnormal contour 
of bile passages. These were later proved to be far-advaneed carcinomas 
of the extrahepatic bile ducts. However, all other authors found cholecysto- 
grams and upper gastrointestinal series to be of no aid in the specific diagno- 
sis of extrahepatic bile duet carcinoma. 


DIAGNOSIS 


The nature of the pathology and its anatomic location precludes a defini- 
tive preoperative diagnosis unless a characteristic filling defect can be demon- 
strated by cholangiography in early eases. The most frequent preoperative 
diagnosis is carcinoma of the head of the pancreas, chronic cholecystitis, and 


cholelithiasis (Table V). 
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TABLE V. PERCENTAGE OF CORRECT PROVISIONAL DIAGNOSIS IN VARIOUS SERIES 








NUMBER OF CASES PER CENT OF CORRECT 
AUTHOR IN SERIES DIAGNOSIS 


Goldenberg 33 42.0 
Kirehbaum and Kozoll 41 20.9 
Neibling et al. 90 8.0 
Stewart et al. 104 20.0 
Other cases from literature 35 8.6 








PATHOLOGY 
The anatomic location of the tumors in the 570 cases reviewed is tabulated 
in Table VI. 


TABLE VI. DISTRIBUTION OF LOCATION OF EXTRAHEPATIC BILE Duct CARCINOMAS 








LOCATION | NUMBER OF CASES 

Right and left hepatic ducts 47 
Common hepatic duct 79 
Confluence of common hepatic, cystic, and common bile ducts 137 
Cystie duct 34 
Common bile duct 203 
Unclassified 70 

Total 570 











Grossly the tumor may be a (a) nodule, (b) papillary lesion, (¢) stricture, 
or (d) diffusely infiltrating lesion. Most commonly, it is a circumscribed, firm, 
grayish-tan nodule, which partially or completely occludes the duct. The bile 
duets proximal to the tumor are moderately to markedly dilated. Less com- 
monly, the tumor is a papillary lesion (Fig. 1), which invades the wall of the 


duct superficially. These papillary lesions, by a ball-valve action, may pro- 
duce intermittent jaundice, or they may be an asymptomatic incidental find- 
ing at autopsy. 

The scirrhous, stringlike stricture of the duct caused by some carcinomas 
poses a difficult diagnostic problem to the surgeon. It is usually looked upon 
as an inflammatory lesion until its true nature is revealed microscopically. 

If the disease is long-standing or very aggressive, it may have infiltrated 
the duct thereby obscuring its exact point of origin. This type raises the ques- 
tion of multicentric foci or a single focus which has spread diffusely. Willis*” 
favors the first theory as more tenable because of the more extensive spread 
within the ducts as compared to the peripheral spread. 

Microscopically, the tumors were variously described as adenocarcinoma, 
carcinoma simplex, scirrhous carcinoma, medullary carcinoma, papillary ade- 
nocarcinoma, carcinoma solidum, mucous adenocarcinoma, cylindrical cell 
carcinoma, and squamous cell epithelioma. It is our opinion that such a 
variety of terms only contributes to the existing confusion. Therefore, we 
propose that these tumors be classified as adenocarcinomas or squamous cell 
carcinomas modified by the adjectives differentiated or undifferentiated and, 
depending upon gross appearance, by polypoid or uleerating. The squamous 
cell carcinomas may be further modified by the terms hornifying or non- 
hornifying. Table VII lists the carcinomas according to our classification. 

The difficulty of histologic interpretation on the basis of the necessarily 
sinall bits of tissue obtained by the surgeon parallels the problem of biopsies 
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TABLE VII. HistoLocic TYPES OF CARCINOMA OF THE EXTRAHEPATIC BILE Ducts 
ACCORDING TO THE AUTHORS’ PROPOSED CLASSIFICATION * 





7 TYPES | DIFFERENTIATED | UNDIFFERENTIATED 








Adenocarcinoma 333 
Carcinoma simplex 6 
Seirrhous carcinoma 27 
Medullary carcinoma 
Papillary adenocarcinoma 
Carcinoma solidum 
Mucous adenocarcinoma 
Cylindrical cell carcinoma 
Undifferentiated 
Squamous Cell Carcinoma 
Hornifying 1 
Nonhornifying (epidermoid) 6 
Total 376 48 


_*One hundred and forty-six additional cases in which the types of carcinoma were not 
definitely subdivided. 








of the panereas. In our experience, frozen sections of the surgical biopsies 
from inflammatory lesions with marked secondary epithelial hyperplasia may 
be erroneously diagnosed as carcinoma, or vice versa. Therefore, the utmost 
care must be exercised in the interpretation of the frozen and permanent sec- 
tions of these small bits of tissue. 

Both Neibling®® and Masuda*® remarked upon the frequent invasion of 
nerves in their series. Bullrich and Lascano'™ reported invasion of the celiae 
plexus in their ease. 

Stewart and his co-workers® reported metastases, most commonly to the 
liver and regional lymph nodes, in 45.8 per cent of the cases. Metastases to 
various abdominal viscera and occasionally to the lungs have been reported. 
In one of our eases, metastasis to a single cervical lymph node was present 
(Case 4). 

TREATMENT 

The surgical treatment of primary carcinoma of the extrahepatic bile 
ducts has been either symptomatic, palliative, or radical. The results reported 
in the literature are uniformly poor. This may be attributed to the infre- 
queney with which a definitive preoperative or operative diagnosis is made, 
thus precluding a definitive procedure when the patient is first explored. 


TABLE VIII. SurRGIcAL TREATMENT AND SURVIVAL TIME 








NO SHUNT OR 
DEFINITIVE | SURVIVAL EXTERNAL | SURVIVAL SURVIVAI 
LOCATION SURGERY (DAYS ) DRAINAGE | (DAYS ) RADICAL (DAYS ) 





Hepatic and common 12* 0-120 18* 0-45 | 2t 3-4 
hepatie ducts Av. 25.5 Av. 30.8 | Av. 3.0 





Junetion 4" 1-5 8* 3-150 | 0-510 
Av. 3.4 Av. 23.4 


Common duct St 2-48 12 0-210 
Av. 23.2 Av. 67.1 











*One additional case, no follow-up. 

*Two additional cases, no follow-up. 

tTwo additional cases alive at 7 and 9 months, respectively. 

§Five additicnal cases alive at 5 weeks, 6 weeks, 6 months, 8 months, 
respectively. 





se y CARCINOMA OF EXTRAHEPATIC BILE DUCTS 423 
umber 


Seventy-five cases in which the location of the tumor, the type of opera- 
tive procedure, and survival time have been recorded by various authors are 
given in Table VIII. It is apparent from this analysis that for tumors at 
the junction and of the common duet longer survival periods were obtained 
with radical procedures, which consisted of block resection of the involved 
segment and the re-establishment of the continuity of biliary flow. Block 
resection of the tumor, with a survival of 2.2 years® and a 16-month survival 
following a Whipple procedure* have been reported. 

Four cases of cystic duct tumors in which extirpation was carried out: 
one survived 25 days, one lived 40 days, one was alive at 6 months, and one 
had no follow-up. 

Palliative operations for shunting or external drainage of the bile include : 
choleeystostomy, choledochostomy, cholecystoduodenostomy, hepaticostomy, in- 
trahepatic cholangiostomy, cholecystogastrostomy, and cholecystoenterostomy. 
Although these procedures are usually ineffective, Goldenberg** reports a 6- 
year survival following a palliative procedure. 

The average postoperative survival time in 172 cases, ineluding those 
listed in Table VIII, was 4.2 months as compared to an average survival of 
6 months after the onset of jaundice in 60 nonsurgically treated cases. No 
true comparison, however, can be drawn from this, as most authors give sur- 
vival time of medically treated patients in terms of survival following onset 
of clinical symptoms. 

The usual causes of death are ascending cholangitis, cholemia, and com- 
plications of surgery. 

CASE REPORTS 

CasE 1.—A. A., a 79-year-old white woman, was admitted to the Augustana Hospital 
on June 24, 1947, with complaints of anorexia, intermittent nausea and vomiting, and 
epigastric distress for 5 months; jaundice and intermittent gray stools for 4 months; and 
a 13-pound weight loss in one month. She was thin and icteric. Blood pressure was 122/74, 
pulse was 84 per minute, and oral temperature was 98.6° F. The abdomen was slightly 
distended and tympanitic. The liver, palpable 5 ecm. below the right costal margin, was 
hard and irregular. The red cell count was 3.6 million, hemoglobin 78 per cent, white cell 
count 14,000, with 70 per cent neutrophils, 27 per cent lymphocytes, and 3 per cent mono- 
cytes. The nonprotein nitrogen was 31.5 mg. per cent, prothrombin time 78 per cent of 
normal, alkaline phosphatase 5.8 Bodansky units, and cephalin flocculation 4 plus. Upper 
gastrointestinal series revealed a slight irregularity of the pylorus and duodenal cap, con- 
sistent with a previous ulcer. The clinical impression was an obstruction of the biliary 
system by carcinoma. 

The patient was treated medically and discharged on July 20, 1947, unimproved. 

She was readmitted on Aug. 12, 1947, markedly jaundiced, complaining of pain in 
the upper abdomen radiating through to the back, nausea, and yellow to gray stools. Ab- 
dominal paracentesis yielded 5,200 ml. of fluid, which contained tumor cells. The liver 
was readily palpable following the paracentesis. She was discharged on Sept. 11, 1947. 

On Sept. 30, 1947, she was readmitted in a terminal state and expired on Oct. 2, 1947. 


Autopsy findings: The abdomen contained 7 L. of turbid, bile-stained fluid. The 
peritoneal surfaces were covered with a fibrinous exudate. Numerous dense adhesions 
bound the duodenum to the markedly shrunken gall bladder, which contained thick, white 
mueus and a few small concretions. The lumen in the region of the valves of Heister and 
the eystie duet was obliterated by fibrous tissue. The hepatic duets and the common bile 
duet were dilated up to 2 em. in diameter, and 2 up to 1 em. faceted concretions were 
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Fig. 1.—Case 1. Soft papillary tumor in the midportion of the common bile duct (2 by 3 cm.). 
Note the two impacted concretions at the ampulla of Vater. 


2.—Case 1. Photomicrograph of papillary adenocarcinoma of the common bile duct. 
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Fig. 3.—Case 2. Friable tumor occluding the common bile duct in its midportion. 


Fig. 4.—Case 2. Photomicrograph of adenocarcinoma of the common bile duct. 
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impacted in the ampulla of Vater. The common bile duct midway between the confluence 
and the ampulla of Vater was the site of a 2 by 3 em. soft, papillary tumor (Fig. 1). 
The liver weighed 1,500 grams. It was finely nodular and greenish brown. The intra- 
hepatic bile ducts were dilated to 3 em. in diameter. The pancreas contained areas of 
fat necrosis. Metastases were not present. 

The microscopic diagnosis was (a) Grade I papillary adenocarcinoma of the com- 
mon bile duet (Fig. 2), (b) obstructive biliary cirrhosis, and (¢) chronic pancreatitis. 


CASE 2.—F. A., a 72-year-old white man, was admitted to the Augustana Hospital in 
June and in December, 1949, for regulation of diabetes mellitus and in August, 1950, for 
lobar pneumonia. On March 3, 1951, he was readmitted with complaints of light-colored 
stools, nausea, and vomiting for 3 months; eructation 2 months; jaundice and boring right 
upper quadrant pain for 1 month; and a 10-pound weight loss over several weeks. He was 
emaciated and markedly icteric. Tenderness was elicited in the right upper abdomen. 
The liver, palpable 2 fingerbreadths below the right costal margin, was hard but with a 
smooth edge. 

Urine contained 4 plus bile, no urobilinogen, and 4 plus glucose. Red cell count was 
4.19 million, hemoglobin 14 Gm., white cell count 7,900 with 79 per cent neutrophils, 18 per 
cent lymphocytes, 2 per cent monocytes, and 1 per cent eosinophils. Icterus index was 
196 units, total protein 4.4 Gm. per cent, albumin 2.95 Gm. per cent, globulin 1.78 Gm. 
per cent, alkaline phosphatase 26.2 Bodansky units, acid phosphatase 6.1 King-Armstrong 
units, total cholesterol 610 mg. per cent, prothrombin time 100 per cent, and cephalin 
flocculation trace. Upper gastrointestinal x-rays were negative. The clinical diagnosis 
was carcinoma of the head of the pancreas and obstruction of the common bile duct. 

On March 24, 1951, an exploratory laparotomy revealed a collapsed gall bladder, an 
enlarged liver free of metastases and metastatic tumor tissue in the region of the hepatic 
ducts, which was thought to be from the pancreas. The patient was discharged on April 
12, 1951. 

The jaundice was progressive and the patient was readmitted in a terminal state on 
April 30, 1951, and expired on May 4, 1951. 

Autopsy findings: The right and left hepatic and common hepatic ducts were dilated 
to 2.5 em. in diameter and contained thick, white bile. The cystic duct was obliterated 
in its distal portion. Friable tumor tissue occluded the lumen of the common bile duct in 
its midportion (Fig. 3) and extended through the wall of the duct into the adjacent 
pancreas, 

The common bile duct was obliterated distal to the tumor. The liver weighed 2,100 
grams and contained numerous up to 8 cm. umbilicated, firm nodules of tumor tissue. The 
parenchyma was dark greenish brown, and the bile ducts were distended with white bile. 

Microscopie diagnosis was (a) primary adenocarcinoma of the common duct (Fig. 4) 
with invasion of the pancreas and metastases to the liver and regional lymph nodes and 
(b) biliary cirrhosis and subacute focal hepatitis. 


CasE 3.—B. P., a 53-year-old white woman, was admitted to the Augustana Hospital 
on Oct, 3, 1953, with painless jaundice and marked pruritus following an episode of in- 
digestion and vomiting about July, 1953. 

She was well nourished and markedly icteric. Blood pressure was 152/88, pulse was 
72 per minute, respirations were 16 per minute, and oral temperature was 98.8° F. The liver 
was palpable 3 fingerbreadths below the costal margin. Upper gastrointestinal series were 
negative. 

Red blood cell count was 4.39 million, hemoglobin 14.4 Gm. per cent, and white blood 
cell count 7,000 with 79 per cent neutrophils and 21 per cent lymphocytes. Total cholesterol 
was 415 mg. per cent, icterus index 68 units, prothrombin time 71 per cent, alkaline phos- 
phatase 6.6. Bodansky units, and cephalin flocculation 1 plus. Urinalysis revealed 3 plus 
bile. 

The elinical impression was jaundice secondary to cirrhosis. 

The patient was treated medically and discharged on Oct. 8, 1953. 
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The jaundice was progressive, and she was readmitted on Oct. 30, 1953. The liver 
was palpable at the level of the umbilicus, nodular, and nontender. Ascites and 1 plus 


pitting edema of the lower extremities were present. 
Ieterus index was 69 units, cholesterol 604 mg. per cent, cephalin flocculation 2 plus, 


alkaline phosphatase 10.0 Bodansky units. Duodenal aspiration revealed gross blood and 
absence of bile. 

The clinical impression was obstructive jaundice due to (a) carcinoma of the head 
of the pancreas, (b) carcinoma of bile ducts, or (¢) common duct stone. 

An exploratory laparotomy on Nov. 18, 1953, revealed the liver to be enlarged and 
the gall bladder distended with 150 ¢.c. of clear white bile. The cystic and common hepatic 
duets were obstructed by a hard, 3 em. indurated mass extending into the hilum of the 
liver. The common hepatic duct was dilated and a T-tube was inserted with the proximal 
arm extending through the mass. Microscopie sections of the biopsies of the hepatie duet 


Photomicrograph showing adenocarcinoma of the confluence of the extra- 
hepatic bile ducts. 
and a regional lymph node revealed adenocarcinoma of the hepatic duct with marked desmo- 
plastic reaction. She expired on Dee. 24, 1953, 37 days after surgery. 

Autopsy findings: The right and left hepatic ducts were distended up to 22 mm. 
in circumference and contained thick, dark-green bile mixed with yellow pus. The com- 
mon hepatic duct from the junction of the right and left hepatic ducts and the common 
bile duet for 2 em. distal to the confluence were indurated and irregularly thickened. The 
lumen of the common hepatic duct at one point was constricted to a circumference of 
4mm. and distal to this constriction the bile ducts were patent and contained dark-green 
bile. The gall bladder was distended with reddish-brown, tenacious material and multiple 
pinhead-sized black concretions. The mucosa was smooth and yellowish tan. 

The pancreas was free of tumor tissue. 

Microscopie diagnosis was adenocarcinoma of the confluence of the extrahepatic bile 
luets (Fig. 5). 
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Case 4.—F. K., a 74-year-old white man, was admitted to the Augustana Hospital on 
Sept. 16, 1953, with complaints of constipation and vomiting for 2 months; pruritus for 1 
month; and dark urine and light-colored stools for 3 weeks. 

He was markedly jaundiced and well nourished. Blood pressure was 200/70 and the 
pulse was 80. The liver was palpable 1 fingerbreadth below the right costal margin and 
nontender. The red cell count was 3.62 million, hemoglobin 12.2 Gm. per cent, and white 
cell count 9,100 with 70 per cent neutrophils, lymphocytes 25 per cent, monocytes three per 
cent and eosinophils two per cent. The icterus index was 50 units, total protein 7.2 Gm. 
per cent, albumin 4.32 Gm. per cent, globulin 2.68 Gm. per cent, total cholesterol 280 
mg. per cent, alkaline phosphatase 6.8 Bodansky units, cephalin flocculation 4 plus, non- 
protein nitrogen 41 mg. per cent, and sedimentation rate 115 mm. in 2 hours. The stool 
contained 4 plus occult blood and the urine contained bile. Upper gastrointestinal series 
were consistent with a duodenitis. Clinical impression was carcinoma of the head of the 


pancreas. 
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Fig. 6.—Case 4. Photomicrograph showing adenocarcinoma of the common bile duct. 


At surgery on Sept. 28, 1953, a firm 2 em. lesion was found in the common bile duct 
lL em. distal to its origin and involving the hepatie artery and portal vein. The posterior 
aspect of the common bile duct and the common hepatie ducts was indurated. The cystic 
duct was moderately dilated and the gall bladder was three times normal size. The liver 
was enlarged, smooth, and had a faint green tinge. A biopsy was taken from the common 
bile duct and a cholecystojejunostomy and enteroenterostomy were performed. Microscopic 
diagnosis was subacute choledochitis. 

The patient was discharged on Oct. 8, 1953, improved. 

His condition gradually deteriorated and he expired at home on Jan. 29, 1954. 

Autopsy findings: The peritoneal cavity contained 2 L. of bile-stained fluid. Numer- 
ous adhesions were present in the right upper abdomen. The common bile duct, 4 mm. 
distal to its origin, was constricted to 17 mm. in circumference for a distance of 10 mm. 
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by firm, homogeneous, pearly gray tissue. The wall of the duct was 10 mm. thick. The 
common bile duct distal to the lesion was 2.5 em. in circumference, the common hepatic 
duct 4.5 em., and the cystic duct 1 em. The stoma of the cholecystojejunostomy was patent. 
Tho liver weighed 1,900 grams and was flabby. The parenchyma was slightly nodular and 
greenish brown with multiple small yellow areas. The intrahepatic ducts were markedly 
dilated and some contained inspissated bile. 

The microscopic diagnosis was (a) adenocarcinoma of the common bile duct (Fig. 6) 
with metastases to a cervical lymph node, (b) obstructive biliary cirrhosis, and (¢) acute 
hepatitis with multiple abscesses. 


Case 5.—H. D., a 41-year-old white man, was admitted to the Augustana Hospital on 
Feb. 2, 1954, with complaints of constant dull epigastric pain radiating along both costal 
margins, eructation past several weeks, taste of rotten eggs in his mouth past week, light- 
colored stools and dark urine past 2 days, and yellow sclerae for the past day. Pain was 
unrelated to food intake. 





Fig. 7.—Case 5. Photomicrograph of biopsy specimen from the common bile duct showing 
primary adenocarcinoma. 


He was well nourished and slightly icteric. Blood pressure was 110/70, pulse 84 and 
irregular, and respirations 20. A Grade III systolic and Grade II diastolic murmur were 
present over the entire precordium. Liver was palpable 2 fingerbreadths below the costal 
margin, Slight tenderness was elicited over the epigastrium. 

Icterus index was 39.5 units, prothrombin time 100 per cent, cephalin flocculation 
2 plus, serum amylase 8 units, and the alkaline phosphatase 5.2 Bodansky units. Red cell 
count was 4.68 million, hemoglobin 16 Gm. per cent, white blood cell count 9,500, with 
64 per cent neutrophils, 1 per cent eosinophils, 33 per cent lymphocytes, and 2 per cent 
monocytes. Urine was negative. Duodenal aspiration revealed absence of bile. A flat 
plate of the abdomen was essentially negative. The icterus index rose to 55 units on 
Feb. 6, 1954. 
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Clinical diagnosis was obstructive jaundice secondary to a (a) common duct stone, 
(b) inflammatory lesion, or (c) neoplastic lesion. 

Exploratory laparotomy on Feb. 8, 1954, revealed a slightly distended gall bladder 
and a smooth liver. A hard mass encircled the common bile duct above, but did not in- 
volve the pancreas. Several hard glands were present adjacent to the mass. The stomach 
was normal, A cholecystostomy was performed, but the bile ceased to drain after several 
days and the icterus index rose to 85 units on the seventh postoperative day. 

The patient was reoperated on Feb. 16, 1954, and a hepaticostomy was performed. 
The common bile duct was occluded by the previously described mass, The hepatic ducts 
were patent and drained a large amount of white bile. Postoperatively the icterus index 
fell to 10.2 units, and on the fifteenth postoperative day an upper gastrointestinal series 
revealed a slight irregularity of the duodenum, probably the results of the inflammatory 
mass seen at surgery. 

On March 17, 1954, a hepaticojejunostomy over a T-tube and an enteroenterostomy 
were done. The common bile duct was obstructed and imbedded in adhesions and inflam- 
matory tissue. Icterus index fell to 10 units, and the patient was discharged on April 5, 
1954. 

The T-tube failed to drain bile at home and he was readmitted on April 6, 1954. A 
hepaticocholecystojejunostomy was done on April 9, 1954. A biopsy was taken of the 
mass involving the common bile duct. The microscopic diagnosis was adenocarcinoma of 
extrahepatic bile duct origin (Fig. 7). 

The patient’s condition improved, and he was discharged on May 1, 1954. 

Because of emesis of food ingested several days previously, he was readmitted on 
May 13, 1954. Upper gastrointestinal series revealed prolonged emptying time of the 
stomach. His course was progressively worse and marked by episodes of massive upper 
gastrointestinal hemorrhages, jaundice, ascites, and emaciation. Several abdominal para- 
centeses yielded up to 6,000 ml. of icteric fluid which contained tumor cells. The patient 
expired on July 4, 1954. 

Autopsy findings: The abdominal cavity contained 6,500 ml. of icteric fluid. Metastatic 
tumor nodules were found over the serosa of the small bowel, colon, stomach, and the liver. 
The structures of the biliary region were matted together by tumor tissue and individual 
structures were not identifiable. The liver weighed 2,650 Gm. and contained numerous 
abscesses which communicated with the dilated intrahepatic bile ducts. The microscopic 
diagnosis was adenocarcinoma of the bile duct which resembled the biopsy specimen. 


CASE 6.—M. W., a 55-year-old white man, was admitted to the Augustana Hospital on 
April 13, 1954, with continuous epigastric pain and intermittent vomiting for 4 months with 
a 40-pound weight loss. The pain was somewhat relieved by antiacids and aggravated by 
fatty foods. 

He was well nourished and in no acute distress. Blood pressure was 140/104. The 
abdomen was flat and epigastric tenderness was elicited. 

Red cell count was 5.22 million, hemoglobin 17 Gm. per cent, and white cell count 
11,100 with 65 per cent neutrophils, 35 per cent lymphocytes. The urine contained a trace 
of sugar and occasional pus cells. Total protein was 6.9 Gm. per cent, albumin 3.84 Gm. 
per cent, and the globulin 3.36 Gm. per cent. X-rays of the upper gastrointestinal trac‘ 
revealed moderate irregularity of the duodenal cap, consistent with a duodenal ulcer. 
Clinical impression was cholelithiasis with chronic cholecystitis. 

An exploratory laparotomy was performed on April 16, 1954. The gall bladder was 
normal in size, shape, consistency, and free of stones. The cystic and common bile ducts 


were thickened to 2.5 em. in diameter. The cystic duct and the head and the tail of the 


pancreas were studded with small, pearly gray, firm nodules. A nodule from the region 


of the cystic duet was removed for microscopic study. Thick bile was obtained from the 
common bile duct. A cholecystectomy and choledochostomy were performed. Micro- 
scopic diagnosis of the biopsied specimen was adenocarcinoma of bile duct origin (Fig. 8). 
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The patient was discharged on April 28, 1954. 

On June 23, 1954, the patient was admitted to the Clinies of the University of Illi- 
nois Research and Educational Hospitals, Chicago, Ill. He complained of progressive 
jaundice, clay-colored stools, nausea, vomiting, and epigastric pain. Physical examination 
revealed ascites and the liver to be hard and palpable 3 fingerbreadths below the costal 
margin, Review of the biopsy sections confirmed the diagnosis of adenocarcinoma of the 
bile ducts. The patient died at home on Sept. 12, 1954. No autopsy was obtained. 


ig. 8—Case 6. Photomicrograph of biopsy specimen from nodule along the cystic duct show- 
ing adenocarcinoma of the bile ducts. 


Another ease of extrahepatic bile duct carcinoma was encountered at the 
Augustana Hospital in the past 8 years, but was not ineluded in the series of 
statistics, and is reported here because of interest as to its exact origin. 


B. 8., a 74-year-old white woman, had a cholecystectomy and choledochostomy on 
June 11, 1949. The gall bladder contained innumerable concretions, one of which was 
impacted in the bile ducts at the junction of the cystic and common hepatic ducts. The 
common bile duct at this point was the site of a stricture and distally contained several 
stones; however, a probe could be passed into the duodenum. Gross and microscopic diag- 
nosis was cholelithiasis and chronic cholecystitis. 

The patient was readmitted on July 21, 1954, with complaints of flatulence, dyspnea, 
and loose and elay-colored stools for 3 weeks. She had been jaundiced and complained 
of pruritus for 2 weeks. 

She was markedly jaundiced. Slight left upper abdominal tenderness was elicited, 
and the liver was palpable 3 fingerbreadths below the right costal margin. The red cell 
count was 4.55 million, hemoglobin 14.4 Gm. per cent, and white cell count 10,000 with 
76 per cent neutrophils, 21 per cent lymphocytes, and 3 per cent monocytes. Icterus 





Fig. 9.—Photomicrograph of resected portion of the common bile duct showing adeno- 
carcinoma of the common bile duct. Note invasion of the nerve by the carcinoma. 

Fig. 10.—Photomicrograph of surgically removed gall bladder showing atypical glands 
extending into the adventitia. 
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index was 84 units, prothrombin time 93 per cent, total cholesterol 338 mg. per cent, total 
protein 7.8 Gm. per cent, albumin 4.0 Gm. per cent, and globulin 3.8 Gm, per cent. The 
cephalin flocculation was 2 plus and the alkaline phosphatase 9.4 Bodansky units. 

The clinical diagnosis was obstructive jaundice of unknown etiology. An exploratory 
laparotomy was performed on July 29, 1954. Firm fibrous tissue constricted the common 
bile duet just distal to its origin. The duets proximally contained clear bile and distally 
the common bile duct was patent. The sphincter was easily dilated. The bile ducts were 
free of stones. The liver was enlarged and greenish brown. The stricture was resected 
and plastic repair performed over a T-tube. A liver biopsy was taken. The microscopic 
diagnosis was (a) adenocarcinoma of bile duct origin (Fig. 9), and (b) obstructive biliary 
cirrhosis, 

Postoperatively the icterus index remained elevated and the stools were acholic. 
The patient expired on Sept. 13, 1954. No autopsy was obtained. 


A review of the sections of gall bladder showed atypical glands which extended into 
the adventitia (Fig. 10) and was reinterpreted as an adenocarcinoma of the gall bladder. 
Similar atypical glands were present in the resected segment of the bile duct. It is con- 
jectural whether these are two separate primary carcinomas or whether the carcinoma of 
the gall bladder had extended to the ducts and was so indolent as to take 5 years to cause 
symptoms. 


SUMMARY 


In a review of the accessible world literature, 564 cases of carcinoma of 
the extrahepatic bile ducts were satisfactorily reported. To these cases we 
have added 6 new eases. Three hundred and sixty additional, but incompletely 
documented cases, were reported under this title in the literature. 

The reported autopsy incidence was found to vary from 0.012 to 0.458 
per cent. Our autopsy incidence in the past 8 years was 5 eases in 1,519 
autopsies, or 0.38 per cent. 

The reported incidence in biliary tract surgery ranged from 0.3 to 1.8 
per cent and the incidence in all malignancies found at autopsy from 2.88 
to 4.65 per cent. 

Of 433 cases, 264 were men and 169 were women for a ratio of approxi- 
mately 3 to 2. 

The age range was from 20 to 89 years with an average of 59.2 years. 

Although numerous causative factors have been suggested, no consistent 
etiologic factor could be demonstrated. Gallstones were found to coexist in 
only 38.7 per cent of cases. 

The principal signs and symptoms were indicative of biliary obstruction 
without giving a clew as to its etiology. Jaundice usually occurred within 
4 months prior to admission and was progressive in 73 to 100 per cent of the 
cases. Pain, pruritus, weight loss, vomiting, anorexia, fever, diarrhea, nausea, 
constipation, and chills were frequently noted. The presence of a palpably 
enlarged liver more closely paralleled the biliary obstruction than did gall- 
bladder enlargement. 

Cystologie studies on duodenal aspirations alone, of all the laboratory 
procedures, offer promise of a definitive preoperative diagnosis. 

Roentgenologie findings were of no aid in the specifie diagnosis of extra- 
hepatie bile duct carcinoma. 
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The correct provisional diagnosis in several series varied from 0 to 42 
per cent. The most frequent diagnoses made were carcinoma of the head of 
the pancreas, cholelithiasis, and chronic cholecystitis. 

The distribution of the 570 bile duct carcinomas was as follows: hepatic 
ducts, 47; common hepatic duct, 79; triple junction, 137; cystic duet, 34; 
common bile duct, 203; and unclassified, 70. 

Grossly the tumors were found to be one of the following types of lesions: 
a nodule, a papillary tumor, a stricture, or a diffusely infiltrating lesion. Most 
frequently it was a circumscribed firm nodule which partially or completely 
occluded the duct. A variety of terms have been used to describe the tumors 
microscopically. According to the authors’ proposed classification, 369 were 
differentiated adenocarcinomas, 48 undifferentiated adenocarcinomas, 1 horn- 
ifying squamous eell carcinoma, and 6 nonhornifying squamous cell careino- 
mas; and in 146 cases the definite cellular type of carcinoma was not stated. 

The liver and regional lymph nodes were the most common sites of me- 
tastases. Frequent invasion of the regional nerve plexuses was also noted. 

The results of surgical treatment of extrahepatic bile duet earcinomas 
have been uniformly poor. Various types of external drainages, shunts, and 
anastomoses between the biliary tract and the gastrointestinal tract have been 
deseribed. Although palliative procedures were ineffective, a 6-year survival 
has been reported. Longer survival periods were obtained for tumors of the 
junction and the common duct with radical procedures, which consisted of 
block resection of the involved portion of the duet and the re-establishment 
of the biliary tract continuity. 

In 172 cases, which were treated surgically with different procedures, the 
average survival period was 4.2 months. 
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TRANSMESENTERIC HERNIA IN INFANCY 
Wir A NOTE ON OPERATIVE INTESTINAL DECOMPRESSION IN INFANCY 


THomas ©. Moore, M.D., Muncie, [Np. 


(From the Surgical Service, Ball Memorial Hospital, Muncie, and the Department of Surgery, 
Indiana University School of Medicine, Indianapolis) 


RANSMESENTERIC hernia is responsible for one of the most dangerous 

types of intestinal obstruction resulting from the presence of abdominal 
hernia in infaney. The internal character of the hernia unavoidably leads to 
a certain delay in recognizing the true cause of the patient’s symptoms, often 
until the infant has become seriously ill due to extensive loss of fluids and 
electrolytes and to ischemia, and frequently to gangrene, of the incarcerated 
loop of intestine. 

The hernia is produced by the prolapse of a loop of small intestine 
through a congenital defect in the mesentery. The defect is generally located 
in the mesentery of the terminal ileum. This type of hernia differs from 
most internal and external abdominal hernias in that the site of herniation is 
an open defect rather than a sae or recess. For this reason, it is possible that 
‘ather sizable segments of small intestine may prolapse through the defect in 
some eases before incarceration occurs. 

The literature pertaining to this malformation and the difficulties pro- 
duced by it was reviewed thoroughly by Cutler and Scott® in 1944. The defect 
was clearly stated to involve the mesentery of the small intestine in 43 of the 
50 eases studied by them. They found that the age of occurrence of sympto- 
matie herniation through this type of defect was rather evenly distributed 
throughout life. Approximately 20 additional cases of this abnormality have 
been reported since 1944. Six of these more recently reported cases have 
concerned infants under 1 month of age.® 7 7° 11) 1% 14 

Beeause of the relative rarity of this type of intestinal obstruction in 
infaney, it has seemed desirable to record some of the interesting clinical 
features of the suecessful management of an episode of intestinal obstruction 
due to an ineareerated transmesenteric hernia at the level of the terminal 
ileum in a prematurely born 1-month-old infant weighing 5 pounds, 5 ounces. 


CASE REPORT 


The patient, a frail and emaciated 1-month-old white male infant, was admitted to 
the hospital on March 13, 1956, because of abdominal distention and vomiting of 18 
hours’ duration. The vomitus was described as being fecal in character. He weighed 
only 5 pounds, 5 ounces at the time of admission. He was cyanotic and appeared 


desperately ill. 
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Fig. 1.—Flat roentgenogram of the abdomen showing numerous loops of small intestine dis- 
tended with air, suggesting a low obstruction. 


Fig. 2.—Drawing of the findings at operation demonstrating the incarceration of a pro- 
lapsed loop of distal ileum through a congenital defect in the mesentery of the terminal ileum 
as the cause of thea intestinal obstruction. 
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He had been born prematurely elsewhere and weighed 4 pounds, 7 ounces at birth. 
The labor and delivery were normal. The mother was reported to have suffered from a 
mild degree of toxemia during the last days of her pregnancy. She was 26 years of age 
and the father was 30. There were two girl siblings, 5 and 7 years of age, respectively. 
Both children were living and well. There was no family history of congenital malforma- 
tions or of intestinal obstruction during infancy or childhood. 

The infant had been released from the hospital 6 days after birth. His mother was 
detained in the hospital for approximately one month because of a postpartum episode 
of acute thrombophlebitis, and the infant was cared for by an aunt. He took his formula 
poorly during his first month of life and the formula was changed on several occasions. 
His weight gain during the first month was only 14 ounces. There had been no other 
difficulty during this period. 

On examination, the abdomen was quite distended and the bowel sounds were high 
pitched and obstructive in character. He was taken immediately to the department of 
radiology, where flat roentgenograms showed evidence of small intestinal obstruction and 
established clearly the need for prompt operative intervention (Fig. 1). Because of the 
patient’s age and the nature of the obstruction, a tentative diagnosis of midgut volvulus 
or internal hernia was made. He was transported directly to the operating room, where 
gastric suction was started by means of a soft rubber catheter. Parenteral replacement of 
lost fluids and electrolytes was begun at the same time, through a small polyethylene tube 
which had been inserted by a cut-down into the vein at the medial malleolus. 


Fig. 3.—Drawings illustrating the technique of intestinal decompression (A) before and (BP) 
after insertion of the Poole suction device. 


Open-drop ether was used both for induction and maintenance of anesthesia. The 
peritoneal cavity was entered through a middle right rectus muscle retracting incision. 
Numerous loops of greatly distended small intestine were encountered upon entering the 
peritoneal cavity. The obstruction was found to be in the terminal ileum. It was pro- 
duced by the herniation of a loop of distal ileum through a defect in the mesentery of 
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the terminal ileum and its incarceration (Fig. 2). The herniated loop of intestine was 
reduced with relative ease. The defect was circular and clearly congenital in nature. 
The margins of the defect were smooth and it measured approximately 2 em. in diameter. 
Although some residual constriction remained at the base of the loop which had been in- 
carcerated, the loop was viable, and resection, fortunately, was not required. The mesen- 
teric defect was closed tightly with interrupted sutures of 4-0 silk. . 

It was apparent that the incision could not be closed without the greatest difficulty 
and considerable tension because of the marked distention of the small intestine with 
fluid and air. For this reason and because of the preoperative respiratory embarrassment 
with cyanosis, operative intestinal decompression was decided upon. A small central 
segment of small intestine was milked free of fluid and air and kept empty by compres- 
sion at both ends of the loop. Zephiran-soaked towels were placed around this loop to 
minimize the likelihood of contamination should leakage of intestinal contents occur. A 
purse-string suture was placed on the antimesenteric border of the loop. A _ small, 
longitudinal incision was made into the lumen of the intestine within the limits of the 
purse-string and the Poole suction tip was introduced through this incision into the in- 
testine (Fig. 3). The purse-string was snugged up about the suction tip to prevent leakage. 
The proximal intestinal occluding device, usually a rubber-shod atraumatic clamp, was 
released, and the proximal small intestine was threaded onto the suction tip with the 
suction on, permitting the removal of fluid and air from a large segment of intestine. 
The remaining fluid and air in the more proximal loops was milked down to the suction tip 
and removed. The collapsed intestine was threaded off of the suction tip and the proxi- 
mal occluding device was reapplied. The suction tip was then directed distally. The 
distal occluding device was released and the same decompressive maneuvers were carried 
out. Following the completion of decompression, with both occluding devices applied, the 
ileotomy incision was closed transversely with one layer of interrupted Halsted mattress 
sutures of 5-0 “arterial” silk. A small amount of 1 per cent solution of neomycin in 
normal salt solution was used to irrigate over the loops of small intestine before they 
were returned to the peritoneal cavity. The incision was closed in layers easily and with- 
out tension, with interrupted sutures of fine silk. 

When the infant was returned to the nursery, his condition was observed to be con- 
siderably improved. Gastric suction was maintained for 2 days following operation. 
Intravenous blood, fluid and electrolytes were also given. His abdomen remained soft and 
good bowel sounds were heard 36 hours after operation. The routine laboratory studies 
which were carried out after the patient returned from the operating room were all within 
normal limits. The blood serology was normal. The postoperative course was quite 
uneventful. He remained afebrile and took his formula well. His bowel movements were 
normal and his weight gain satisfactory. He weighed 5 pounds, 13 ounces at the time of 
his discharge from the hospital on March 24. He has continued to do well since his re- 
lease from the hospital. 


DISCUSSION 


Although this infant is not the youngest patient to have suffered from 
intestinal obstruction as the result of a transmesenteric hernia, he does seem 
to be one of the smallest. The patient’s frail appearance, his poor feeding 
habits, the frequent formula changes, and his inability to gain weight satis- 
factorily may all have resulted, to some degree, from the early prolapse of a 
loop of intestine through the defect, producing a partial intestinal obstruction 
prior to the onset of the acute episode of incarceration and complete obstruc- 
tion. The excellence of the patient’s appetite and the rapidity of his weight 
gain following reduction of the hernia and closure of the defect tend to sup- 
port this assumption. 
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The findings in this ease reaffirm the importance of the flat roentgen study 
of the abdomen as the single most revealing diagnostic measure in intestinal 
obstruction in infancy and childhood. It is possible to predict with a rather 
high degree of accuracy the cause of the intestinal obstruction in this age 
group on the basis of the roentgen determination of the level and character 
of obstruction, supplemented by an awareness of the most likely sites of ob- 
struction to be produced by the various congenital malformations and the ages 
at which symptoms tend to oceur. The character of the obstruction and the 
age of this patient led me to consider strongly midgut volvulus and internal 
hernia, both conditions of great danger to the patient’s life, requiring prompt 
operative intervention. 

The ease of hernia reduction and the viability of the inearcerated loop of 
intestine presented no problems in this ease. The major difficulty concerned 
the degree of small bowel distention with fluid and air. Because of this dis- 
tention and the wretched preoperative condition of the patient with cyanosis, 
replacement of the distended intestines into the peritoneal cavity and closure 
of the incision under tension seemed most undesirable. For this reason, direct 
operative decompression of the small intestine was carried out in the manner 
outlined. The small intestine was completely collapsed, permitting easy 
closure of the incision without tension, The patient was greatly improved 
immediately after operation, and the relief of respiratory embarrassment and 
cyanosis was dramatic. Bowel sounds returned promptly and the postopera- 
tive course was quite uneventful. 

A similarly successful operative intestinal decompression was earried out 
recently by me on a seriously ill, hyperpyrexie 9-month-old infant with marked 
intestinal distention secondary to acute appendicitis with perforation and 
generalized peritonitis. The bowel sounds of this patient returned with sur- 
prising promptness following operation, and the postoperative course was 
unexpectedly benign. This technique of decompression also has been used by 
me in a number of adult cases with good results. After decompression has 
been completed, I generally have instilled some 1 per cent solution of neo- 
mycin in normal salt solution into the small bowel at the ileotomy site prior 
to closure, as suggested by Poth® in cases in which unprepared intestine must 
be opened. This technique is well suited for the management of selected in- 
fant cases where there is marked intestinal distention and where immediate 
operation must be carried out to avoid the risk of intestinal gangrene or 
perforation. In these infants, the margin of safety is often quite narrow and 
there is no time for the more conventional means of intestinal decompression. 

Although I have found no reported instances where the Poole type of 
double-lumen suction device has been used for operative intestinal decompres- 
sion, the use of enterotomy for direct intestinal decompression at the time of 
operation is by no means new and has been recommended by a number of 
authors over the years.’ 2+ ® 8 The double-lumen Poole suction device, with 
its utilization of the sump pump principle, is well adapted to this technique. 
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The likelihood that the intestinal mucosa may be traumatized by the suction 
is minimized and there is less risk that the suction may become plugged by 
solid particles while the distending fluid and air are being aspirated. 

The rarity of transmesenteric hernia is illustrated by the inability of the 
author to discover a single case of this condition in a recent review of the 
extensive pediatric surgical experience at the Indiana University Medical 
Center. It has been estimated that congenital mesenteric defects are re- 
sponsible for approximately 11 per cent of all intra-abdominal hernias. In 
the series collected by Cutler and Scott,’ there was no significant sex pre- 
dominance and the time of the onset of symptoms seems to be fairly evenly 
distributed throughout life. Recent cases also have been reported in widely 
different age groups. In two eases, intrauterine strangulation of a trans- 
mesenteric hernia occurred with perforation of the incarcerated loop of in- 
testine, and meconium peritonitis was discovered at birth.’° 1° Another re- 
ported case concerned an 88-year-old woman.’ In the 43 eases studied by 
Cutler and Scott in which the defect was clearly stated to involve the mesen- 
tery, the area of the terminal ileum was the one most frequently involved. 
The defect was found in the mesentery of the terminal ileum in 35 eases, at 
the level of the middle ileum in 6, and in the jejunal mesentery in 2 eases. 
Nineteen of the cases studied by Cutler and Scott were managed by simple 
reduction of the hernia with closure of the defect. Resection was necessary 
in 22 cases. The over-all mortality reported by them was 38 per cent. Five 
of the six recently reported infants of less than 1 month of age with trans- 
mesenteric hernia survived. Resection was necessary in three of them.” 1% 1% 


Two of these infants had meconium peritonitis at birth. The defect was in 


) 


the proximal ileum or jejunum in 3 of these recently reported infants.” 1 ™ 
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FUNDAMENTAL FACTORS AFFECTING VASCULAR SURGERY 
GEZA DE TAKATS, M.D., M.S., Cuicaco, ILL. 


(From the Department of Surgery, University of Illinois, College of Medicine; and the Research 
and Educational and St. Luke’s Hospitals) 


O BE asked to deliver a lecture on some phase of vascular surgery in New 

Orleans puts me in a most embarrassing position. It is more than carrying 
coals to Neweastle or owls to Athens. No single city in the United States has 
produced the wealth of clinical material in vascular surgery that New Orleans 
has and I need not mention here the names of those members of this society 
who have made pioneer and lasting contributions to this field, headed of course 
by that great master, Rudolf Matas. 

For this reason I have selected a line of approach tonight which has been 
of great interest to me ever since I took over a course of surgical pathology 
from Alton Ochsner when he left Northwestern University in 1927 and which 
is somewhat off the beaten path. 

Obviously if the surgeon wishes to be more than a skilled technician or 
inventor of gadgets, both of which are highly important pursuits, he must 
understand the impact of his activities on the total function of the body. A 
study of some of these basic factors may make the vascular surgeon both more 
‘adical and more conservative. It will persuade him to attack a vascular prob- 
lem early with aggressive measures; it may also make him refrain from 
subtotal resections of the abdominal aorta, when the patient is disintegrating 
from an advaneed, diffuse cardiovascular renal disease. Thus I propose to 
briefly diseuss the clinical applications in four areas of human physiology, i.e., 
hemodynamies, the vaseular shunts, the vasomotor innervation, and the clotting 
mechanism. 

It was Professor Burn’ who said in 1938 that vascular physiology was dom- 
inated by ‘‘eat-physiology’’ but should one have chosen the hare for instance 
for an experimental animal, our concept in many fields might have been vastly 
different. Certainly studies on the human, at rest and under stress, have re- 
vealed marked differences from the teachings of orthodox physiology. As is 
commonly the ease, careful clinical observations of operative results in man, 
whenever in conflict with teachings of physiologists, have generally been vindi- 
cated by newer experience. 


HEMODYNAMICS IN VASCULAR SURGERY 


The closed system of heart, elastic and muscular arteries, terminal vessels, 
and veins constitute an apparatus in which many physical factors operate to 
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insure an adequate blood flow. The central problem here is the rate of flow and 
the pressure that drives it. This has been ingeniously analyzed in the writings 
of Alan Burton’ who introduced the term ‘‘critical closing pressure’’ as a dis- 
turbed state of equilibrium at which a vessel closes actively and completely, when 
the pressure within it falls below a certain critical value. The critical closing 
pressure increases with increasing tension in the wall and with the decreasing 
diameter of the vessel. 


More than a century ago a French mathematician and physicist, Laplace, 
announced a very simple physical law when he stated that the tension of a 
cylindrical wall and the pressure within it are in equilibrium. Thus tension 
equals pressure times radius (Fig. 1). This simple formula has a number of 
clinical applications, some of which can be briefly enumerated here. 
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Fig. 1.—The law of Laplace. Tension of wall equals pressure multiplied by radius. 
Redrawn from burton, A. C.: Law of Physics and Flow _in blood Vessels. (From Visceral 
Circulation, A Ciba Foundation Symposium, 1953, Little, Brown and Company.) 


Vascular spasm, neurogenic or myogenic, simply means that the critical 
closing pressure is higher than the available blood pressure. Thus in con- 
ditions of high vasomotor tone such as in ‘‘primary neurogenic shock,’’ certain 
vascular beds may close completely. In an artery, distal to the occlusion, the 
20 to 30 mm. Hg is unable to maintain the vessel patent unless vasomotor con- 
trol is abolished. In the arm of a subject who had a critical closing pressure of 
70 mm. Hg, lowering the arterial pressure by 20 mm. Hg resulted in a decrease 
of flow of 80 per cent. The significance of blood pressure with maintained or 
increased vasomotor tone for the adequacy of peripheral circulation is obvious 
when hypotension is induced during operations; it is preferable to accomplish 
this by ganglionic depressants such as Arfonad, than by bleeding or by high 
spinal anesthesia, which will cause total or regional vasoconstriction. Hypo- 
thermia, too, combined with Thorazine or Arfonad, is safer than if vasoconstric- 
tion is allowed to prevail as a response to chilling of the body. 


Conversely a rise in blood pressure is the most direct stimulus to muscular 
contraction, as taught many years ago by Bayliss. Thus any measure that will 
lower excessive tension such as exists in malignant hypertension with diastolic 
pressures around 140 mm. Hg will diminish spasm, hemorrhage, papilledema in 
the retina and elsewhere, even although the sympathectomy itself does not 
reach to the ganglia subserving the vessels of the eyegrounds. 
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Because of the recent interest in arterial grafts a word might be said about 
their hemodynamie effects. A short rigid conduit has certainly been satisfae- 
tory in the aortas of children, some functioning since 1948. How a long rigid 
tube, consisting of a homologous lyophilized artery, an autogenous vein, or a 
plastic substance, will fare still awaits long-term follow-up. The tensile strength 
and the breaking load of aortic homografts in the experimental animal are quite 


@ 
FAC —p> 


Fig. 2.—The effect of arterial stenosis on turbulence and reverse flow. The rapidly 
ejected stream strikes the more slowly flowing distal stream. High kinetic energy is trans- 
formed into high potential energy. Redrawn from Holman, E.: New Concepts in the 
Surgery of the Vascular System, Springfield, Ill., 1955, Charles C Thomas. 


Fig. 3.—Poststenotic dilatation in 1, subaortic stenoses, 2, pulmonary valvular stenosis, 
$, beyond coarctation of the aorta, and 4, distal to a cervical rib. The degree of dilatation is 
dependent on the height of pressure and the velocity of flow; thus it is maximal beyond a 
subaortic stenosis and minimal beyond a cervical rib. (From Holman, E.: New Concepts in 
Surgery of the Vascular System, Springfield, Ill., 1955, Charles C Thomas. 


satisfactory. When, however, the grafts were visualized under pressures 
varying from 250 to 35 mm. He, the diameter of the normal dogs’ aorta 
varied from 10 to 7 mm., whereas the graft acted as a rigid tube and did not 
dilate under high pressure.2° Thus, as we have maintained for some time, the 
end result of any vascular graft will be a more or less rigid tube caused by the 
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gradual loss of elastic fibers and the scar produced by the host. Whether or 
not the ideal replacement of an arterial segment is a lyophilized homologous 
artery, a reinforced vein, a plastic substance, or a synthetic weave, it must 
comply with the following requirements: (1) it must be flexible; (2) it must 
have some but not too much porosity; (3) it must be nonwettable or, better ex- 
pressed, hemorepellent; and (4) it must be nonirritating to the surrounding tis- 
sues. Perhaps if we ever reach Utopia, it might even become absorbable, leav- 
ing a neointima and a new vascular adventitia in its wake. Whether it will 
ever remain elastic is most unlikely, but no patient needs a more elastic graft 
than his own vascular tree. If one used a loop of small bowel with its mucosa 
removed,’® the transplant would contract on prostigmine which dilates the 
peripheral vascular bed. On pituitrin the patient’s artery and bowel would not 
be in conflict. 
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Fig. 4.—This patient had an extensive thrombosis of the abdominal aorta extending 
into both external iliac arteries. There was a harsh systolic bruit, audible two inches above 
the navel, still present at the level of the navel and absent one inch below the navel. The 
stethogram adequately records the bruit. Both aortogram and exploratory laparotomy con- 
firmed the level of total occlusion. 


A final word about arterial stenosis. The mechanism of poststenotie dila- 
tation has recently been elucidated by Emile Holman.”! The turbulence of the 
blood and the transformation of kinetic energy into lateral pressure exert a 
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continuous stress on the arterial wall (Fig. 2). The clinical implications of the 
experiments explain the aneurysms seen in subaortic stenosis, pulmonary valvu- 
lar stenosis, the aneurysms below the coarctation of the aorta and beyond a 
cervical rib (Fig. 3). One may encounter, if one looks for it, a stenosis in 
Hunter’s canal proximal to popliteal aneurysms and oceasionally a stenosis 
above an abdominal aneurysm at the level of the renal artery. 
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Fig. 5.—Oscillometric tracings recorded with Dr. Carl A. Johnson’s pnaratus before 
and after walking. Note the minimal pulse waves at the right ankle, whieh <isaprear at the 
time of claudication, increase 10 minutes later and are considerable afte: ruimutes of 
rest. On the left, unaffected side, the pulse waves are larger on exercise and ‘aintain the 
same spikes after 10 and 20 minutes. Note the sharp peaks on the normai side compared 
with the lengthened crest time and the blunted peaks on the affected side. This either means 
an advanced stenotic or a collateral type of pulse wave. 


Sinee stenosing atherosclerosis is the forerunner of most of the clinical 
symptoms and the catastrophic disability of the superimposed thrombosis, it 
might be well to stress the hemodynamies of arterial stenosis, recently stud- 
ied by Haimovici.'* There is an audible bruit proximal to the occlusion and one 
can visualize this with a stethogram (Fig. 4). The bruit is absent if the stenosis 
constricts less than 60 per cent of the lumen and disappears again if over 78 per 
cent of the lumen is obstructed.1’ The audible bruit in my experience ade- 
quately correlates with the aortographic picture and the findings at laparotomy. 
In aortic stenosis, one listens for it to the left of the navel. 
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Another finding of clinical interest is the decrease of palpable pulses or of 
oscillometrie curves on exercise. A patient may have a fair or slightly dimin- 
ished pulse at the ankle which disappears on active contraction of the ealf 
musele™ (Fig. 5). A recording oscillometer (Carl A. Johnson, St. Luke’s Hospi- 
tal) ean readily show such changes, but the usual manually operated instru- 
ment is equally useful. When the decrease in the height of the pulse is associ- 





Fig. 6. Pig.. 7. 


Fig. 6.—This short gap in arterial continuity with a sturdy collateral gives a palpable 
pulse and also a pulse wave with the recorder; the pulse however is delayed, diminished, 
the movement of the oscillometer slow, wormlike, the crest time of the wave prolonged, the 
peak blunted. 

Fig. 7.—This is a longer gap in continuity, with long, thin tortuous collaterals. While 
the distal segment is filled with Diodrast, there is no pulsatile flow and no recorded pulse 
wave. 


ated with a delayed crest time on the recorded wave or a slow, wormlike mo- 
tion of the oscillometer’s needle, the pulse is a collateral pulse, reaching the 
periphery through a short, sturdy collateral channel. Long, narrow collateral 


channels, as visualized in the arteriogram, do not yield pulsatile flow (Figs. 
6 and 7). 
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VASCULAR SHUNTS 


The vaseular system has to insure two separate functions; the circula- 
tion of the blood as a whole and the provision of special circulatory conditions 
in an organ whose function demands intermittent fluctuations of blood supply. 
The role of the vasomotor apparatus in the shifting of blood has been well 
established and will be discussed presently. There is, however, a structural 
basis for an important group of short-circuiting mechanisms whose function 
it is to regulate the blood supply to organs or parts of the vascular tree. 


v\laries 


Glomus 
contracted 
7 


Fig. 8.—Normal glomus in a contracted and relaxed state. When the shunt is closed, 
the blood passes to the arteriolar-capillary bed, but even here, preferential channels may 
operate. When the shunt is open, the terminal vascular bed only receives a part of the 
arterial blood. The venous blood is arterialized. Such a condition exists shortly after sym- 
pathectomy and during the vasodilator phase of cold injury. 
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Fig. 9—Muscular sphincters at the entrance of the left and right renal veins into the 
vena cava. They are highly developed in lower animals and in the human fetus. Their func- 
tion in the human adult is difficult to prove and they atrophy with growth and aging. They 
are likely to be under dual, i.e., hormonal and neurogenic control. (Redrawn from Burch, 
G. E.: A Primer of Venous Pressure, Philadelphia, 1950, Lea & Febiger.) 
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These mechanisms consist of arteriovenous anastomoses (Fig. 8) preferen- 
tial channels in the capillary bed conducting blood from arteriole to venule 
and special muscular ridges and sphincters which throttle blood flow at 
strategie points (Fig. 9). 

The arteriovenous anastomoses, so carefully studied by Masson’? have a 
rich nerve supply and have been deseribed almost everywhere in the body 
although their presence in muscle is controversial. Other arterial mechanisms 
are concerned with the equalization of blood pressure and equable distribution 
of blood. Among these are the loops between the branches of the mesenteric 
arteries, the loops between the palmar and digital arcades and the vessels mak- 
ing up the cirele of Willis (Fig. 10). When this circle is incomplete, as it is 
said to be the ease in 50 per cent of autopsies, a cerebral infaret cannot be well 
vascularized from the opposite internal carotid artery. The spiral arteries 
in the ovaries of rabbits and the helicine arteries of the corpora cavernosa 
serve the intermittent demands of blood flow. 


ANT. COMMUN. 
ANT. CEREBRAL 


INT. CAROTID 


POST. COMMUN. 
POST. CEREBRAL 


BASILAR 


. Fig. 10.—The pattern of the circle of Willis. In roughly 50 per cent of autopsies the 
circle is incomplete, which greatly cripples collateral circulation and vascularization of a 
cerebral infarct, should one internal carotid or its branches become occluded. 


All these arrangements, often ignored in the vascular tree of the extremi- 
ties, give a vivid idea of the active nature of blood vessels in the living body. 
Vasoconstriction and vasodilation of the arterioles is not the sole mechanism 
of regional distribution of blood. Shunts, by-passes, and alternate pathways 
operate to distribute the blood according to needs. As is true of other ef- 
fector mechanisms their control is dual; nervous and hormonal. 


The typical arteriovenous anastomoses, from which the glomus tumor 
originates, are richly endowed with heavily myelinated and fine, nonmyelinated 
fibers. The former constitute an afferent, sensory nerve supply. It is suffi- 
ciently known how exquisitely painful a glomus tumor is. Reflex activity from 
here may simulate a cold, moist edematous, hyperhydrotie state so that it led 
to the diagnosis of causalgia in one of our own cases. 

The fine, nonmyelinated fibers belong to the sympathetic nervous system. 
In 1936, Ford Hick and I found a spectacular rise of venous O, content shortly 
after sympathetic block or sympathectomy (Table I). The magnitude of the 
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rise of O, content, averaging 34 per cent, suggests the opening of the arterio- 
venous shunts following sympathetic paralysis. Just how long this rise re- 
mains eludes me, but in one observation it was present 56 days postoperatively. 
The diversion of arterial blood from the capillary bed is readily compensated 
by the increased volume flow and the hot, red, throbbing digits of a sympathec- 
tomized patient operated on for hyperhydrosis or vasospasm are readily ob- 
served. However, if the opening of the arteriovenous shunts is not followed 
by compensatory increase in flow, the digits become pale, cooler than before, and 
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Fig. 11.—The effect of sympathetic block on skin temperature, claudication distance, 
and venous filling time. The temperature of the heel and fourth and fifth toes rise to the 
normal vasodilation level. The skin temperature of the third toe shows a moderate rise, but 
those of the first and second toe show no rise. Claudication distance increased from 150 to 
650 steps, venous filling time decreased from 50 to 20 seconds. Lumbar sympathectomy with 
simultaneous amputation of the first 2 toes resulted in an excellent anatomic and functicnal 
recovery. (From de Takats, G.: The Value of Sympathectomy in the Treatment of Buerger's 
Disease, Surg., Gynec. & Obst. 79: 359, 1944.) 


TABLE I. THE EFFECT OF SYMPATHECTOMY ON VENOUS OXYGEN SATURATION 
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Average rise in O2 saturation, 34 per cent. 
(Hick, F. A., and de Takats, G., 1936.) 
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a paradox drop in skin temperature develops after sympathetic block, a warn- 
ing that sympathectomy should be combined with simultaneous amputation” 
(Fig. 11). Such a patient has insufficient arterial pathways to respond to the 
diversion of blood and sympathectomy may not benefit him at all. 

The arteriovenous shunts are exceedingly sensitive to sympathetic stimuli 
and a minimal stimulus closes them before it affects the arteriole."* WVasomotor 
paralysis opens them and so does capillary contraction. In exposure to cold 
they constitute an important heat-conserving mechanism. 

Even less definite is our knowledge of the hormonal regulation of the 
shunts and by-passes. The coiled arteries of the ovary straighten out and 
open up completely under gonadotrophin. Thus the spiral vessels permit 
adaptation of the artery to a change in the size of the ovary. They also help 
to reduce blood pressure locally, just as heating engineers do when they put 
coils in to drop the pressure. Epinephrine, norepinephrine and pituitrin, which 
are activated during stress may maintain open shunts by closing capillaries. 
Pallor in fainting, in which posterior pituitary secretion is active, brings 
about a rise in venous oxygen saturation. 


THE VASOMOTOR APPARATUS 


There is no need to dwell on the vasoconstrictor activity of the sympathetic 
nervous system since so much of our knowledge has come from this city.” 
Vasomotor reactivity varies in individuals and can be measured by the blood 
pressure response to cold or carbon dioxide. In addition, fright, pain, anxiety, 
prolonged emotional tension bring on the first stage of Selye’s adaptation 
syndrome, i.e., the alarm reaction. The vasomotor center is bombarded by 
central and reflex stimuli, by the mobilization of epinephrine, norepinephrine, 
and the posterior pituitary substance. These hormones have a central and 
peripheral site of action and the central and peripheral actions may be an- 
tagonistic to each other. Thus the peripheral vasodilating action of carbon 
dioxide only becomes apparent in the sympathectomized limb as Gellhorn and 
Steck showed on some of our sympathectomized patients (Fig. 12). The effect 
of parasympathetic dilators, such as Mecholyl or Prostigmin really becomes 
apparent after sympathectomy and must be distinguished from elimination of 
vasoconstrictors by sympathectomy. Finally there are demonstrable vaso- 
dilator fibers in the sympathetic outflow. Thus we have evidence of three 
types of vasomotor fibers in man: (1) vasoconstrictor fibers with a synapse 
in the lateral horn and in the sympathetic ganglion producing efferent vaso- 
constriction, (2) vasodilator fibers running in the sympathetic outflow and 
demonstrable in their effect on muscle circulation, and (3) vasodilator fibers 
in the posterior root system, the ‘‘antidromiec’’ fibers of Bayliss which conduct 
vasodilator impulses in a retrograde direction through sensory afferent fibers. 
Their importance in causalgic states has been postulated by us.° Let us briefly 
examine these three modalities. 

Sympathetic Vasoconstrictors—Following sympathetic denervation a max- 
imal vasodilation occurs. Warming up of digits and bounding pulses may be 
delayed to the second postoperative day then again to subside 5 to 6 days 
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Fig. 12.—A, Carbon dioxide inhalation produces a vasoconstriction with diminished 
blood flow in the normal limb. B, In a sympathectomized limb there is an increase in 
blood flow since the peripheral vasodilating action may now operate without opposition. (From 
Gellhorn, E., and Steck, I. E.: The kffect of Inhalation of Gases With a =e Oxygen and 
Increased Carbon Dioxide Tension on the Peripheral Blood Flow, Am. J. Physiol. 235, 1938.) 
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later. Changes in blood flow are best recorded on limbs sympathectomized for 
hyperhydrosis or deep venous thrombosis, where the arterial tree is intact.** 
There is an average of eightfold increase of blood flow in the hands and about 
fourfold increase in the feet (Fig. 13). The maximum is reached on the see- 
ond day and it then quickly falls in the next 2 weeks. The final flow, 2 to 3 
months later is about double of the preoperative one. The blood flows were 
determined by a portable airplethysmograph. At the same time, the finger 
and toe temperatures rise and do not fall concomitantly with the decrease in 
blood flow. We have seen a large number of patients subjected to lumbar 
sympathectomy for thromboangiitis and arteriosclerosis obliterans in whom 
the toe temperatures stayed up 6 to 8° EF. higher than the ones on the operated 
side—the longest observation being 25 years. 
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Fig. 13.—Changes in blood flow following sympathectomy compared with the rise in skin 
temperatures. Straight lines refer to the hands, interrupted lines to the feet. Skin tempera- 
tures are on top, blood flows are below. Note the abrupt rise in blood flow within a day or 2 
following operation, which decreases to about double the preoperative level. Skin temperatures 
=u ime (Redrawn from Lynn, Walker and Barcroft: St. Thomas Hospital Reports 








The early return of blood flow to slightly above the preoperative level is 
commonly explained by the regain of intrinsic tone. As pointed out by Bar- 
croft and Swan,‘ the rate of regain of tone is so similar to the rate of develop- 
ment of epinephrine sensitivity, that the two events must be closely related. 
It is important for anyone performing sympathectomies to be aware of the 
regain of tone and of the decrease in the initially greatly increased blood flow. 
The final rate of double the initial level, however, may just make the differ- 
ence between survival of the limb and gangrene. It is also to be remembered 
that these are basal bloodflows in the resting stage. The vasoconstrictive in- 
fluence of erect posture, reflex cold, and the emotional state are eliminated 
from the sympathectomized limb. Thus the sympathectomized limb is in a 
state as if its possessor were horizontal in bed, wrapped in cotton, in the 
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southernmost tip of Florida, and freed of all annoyance as if in a continuous 
state of euphoria or under the influence of a cortical depressant such as 
Thorazine. 

Sympathetic Vasodilators —If sympathetic vasodilators exist in man and 
Bareroft and Edholm showed this conclusively to be true,* it is of great in- 
terest to find out whether or not sympathectomy inhibits active vasodilatation 
in the muscle on exercise. If this were the case, the circulatory status of the 
limb would be harmed instead of improved after sympathectomy. Such mut- 
terings have been heard from the stronghold of certain internists. 

During exercise the blood flow in the sympathectomized and normal arms 
is similar (Fig. 14). Bareroft and his group showed, in 1951, that while the 
vasomotor center has no effect on the circulatory changes taking place during 
or after muscular activity, yet release of vasoconstrictor tone definitely in- 
creased the bloodflow through the muscle. This discrepancy led Bareroft to 
the hypothesis that a dual circulation exists in muscle, (1) anastomotic, con- 
sisting of arteriovenous shunts and regulated by the vasomotor center and 
(2) nutritive, consisting mostly of the capillary bed which is controlled by 
metabolites and functions without nervous control.* 
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Fig. 14.—Blood flow following exercise in the normal and sympathectomized forearms. 
The hyperemia in the normal and sympathectomized muscle is similar. (From Grant, R. T. 
and Pearson, R. S. B.: Clin. Science 3: 119, 1938.) 

The existence of these two circulations may explain a paradox in some 
of the recent studies on circulation of muscle. The radioactive sodium 
method of Kety shows no increase in circulation after reflex heating or sympa- 
thetic block; whereas plethysmographie studies show that this occurs. It may 
well be that the sodium clearance does not pick up an increased flow through 
the anastomotic channels. Here is another example of clinical observation 
being superior to a laboratory method, no matter how intricate, complicated, 
and statistically significant it is. There is no question that in mild, early 
Grade I arteriosclerosis, sympathectomy results in definite improvement in 
walking ability, perhaps because the muscle arteries are not involved. Gen- 
erally speaking, however, sympathectomy will not improve advanced claudica- 
tion. Only restoration of major arterial pathways can do that. It is also 
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common observation that improvement after sympathectomy continues for 
about a year after operation and blood flow studies done immediately after 
paravertebral sympathetic block or sympathectomy may not reveal a slowly 
progressive improvement. It must also be remembered that some of the stimuli 
having both adrenergic and cholinergic components will act as cholinergic 
vasodilators after sympathectomy. This concept, illustrated above by the 
reverse action of carbon dioxide postulates the existence of cholinergic vaso- 
dilators, coursing outside the sympathetic efferent outflow. 


Fig. 15.—Axon reflex. a, ganglion cell, b, site of trauma, c, afferent, sensory fiber, and 
d, efferent, vasodilator fiber. Shaded area represents diffusible, humoral substance. (From 
Miller, D. S., and de Takats, G.: Posttraumatic Dystrophy of the Extremities; Sudeck’s 
Atrophy, Surg., Gynec. & Obst., 75: 558, 1942.) 

Antidromic Vasodilation—In our early studies on causalgic states we 
postulated that impulses passing along the sensory nerves in an efferent direc- 
tion produce vasodilation.® Later the fascinating studies of Doupe, Cullen, 
and Chanece™ and also the work of Ragnar Granit of Stockholm’ made it 
seem plausible that in a partial nerve injury, where myelinated fibers have lost 
their insulation, sympathetic stimuli, brought on by effort, anger, fright, or 
cold produce a cross stimulation resulting in painful vasodilation or even 
motor phenomena as in the first stage of a causalgie state. Sympathectomy 
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here does not cut pain fibers or vasodilators but eliminates the stimulus which 
is responsible for this ‘‘antidromic vasodilation,’’ a term originally coined by 
3ayliss.° The fibers responsible for this retrograde conduction were originally 
thought to be indistinguishable from the ordinary sensory afferent fibers, fail- 
ing to degenerate when the roots are cut between the cord and the ganglion 
but degenerating when the dorsal root ganglia are removed. These are slow- 
conducting, nonmyelinated fibers not concerned with any afferent function and 
regenerating faster than the sympathetic fibers. In such a situation, the 
stimulation of the distal end of the radial nerve may cause marked vasodila- 
tion. 

The axon reflex originating from cutaneous areas of stimulation, produces 
a flushing of the skin by efferent impulse and probably operates through the 
same posterior root vasodilators. The histamine flare is based on an axon reflex 
(Fig. 15) and is absent when a peripheral nerve has degenerated but is present 
under spinal anesthesia. 

The chemical transmitters of nervous impulses: The liberation of chemical 
substances at the nerve endings of cholinergic and adrenergic nerves is in- 
hibited by the enzymes cholinesterase and amine oxidase. On efferent sympa- 
thetic stimulation epinephrine and norepinephrine are secreted at nerve 
endings and then rapidly disappear on being exposed to amine oxidase. There 
are many interesting clinical phenomena which may be explained by the pres- 
ence or absence of this system. The enzyme is unusually sensitive to slight re- 
duections in oxygen tension?* which explains why ischemia of fingers or toes 
show Raynaud’s phenomena so easily. So far, no one has studied the inerease 
of amine oxidase in the ischemie digit after sympathectomy. 


BLOOD CLOTTING 


The Clotting Mechanism.—It would be futile to become involved in the 
eomplicated chain reaction which leads to thrombosis. But if one takes a 
dynamie view of the equilibrium which exists between coagulant and anti- 
coagulant factors and studies the factors which may disturb the equilibrium, 
one may recognize some of the principles upon which recognition and treat- 
ment of thromboembolism rest. 

Such a balance was postulated a few years ago’? and I have not yet had to 
modify this diagram although it is only useful until new concepts make it ob- 
solete (Fig. 16). Certainly an operation, with its preoperative anxiety, anes- 
thesia, blood loss, tissue trauma and hypotension will naturally shift the bal- 
ance toward the coagulant side. The normal response to this multiplicity of 
stress will be to counteract the clotting tendeney by (1) covering up the in- 
jured intima with a parallel layer of fibroblasts, (2) by mobilizing anticoagu- 
lants, and (3) by activation of fibrinolysins. 

The formation of a neointima in an endarterectomized vessel, or as a lin- 
ing to an arterial prosthesis is truly amazing, but requires two things: (1) a 
rapid pulsatile flow and (2) adequate vascularity from the surrounding tissues. 
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It is not unlike the endothelium which grows over a mural or recanalized 
thrombus or the lining of an adventitious bursa as a gliding surface between 
skin and bone. 

Thromboplastin and its precursors are liberated in traumatized tissue and 
also in the disintegration of platelets. Carcinomatous tissue is highly throm- 
boplastie and this may explain not only the occurrence of spontaneous phlebi- 
tis in eases of hidden cancer but the facet that such thromboses are usually 
resistant to treatment with heparin. 
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Fig. 16.—The clotting equilibrium, listing some of the known coagulant and anticoagulant 
factors. Clinical thrombosis occurs when the anticoagulant factors have been injured, 


depressed, or exhausted. (From de Takats and Marshall: The Response of the Clotting 
Equilibrium to Postoperative Stress, SURGERY 31: 13, 1952.) 
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Fig. 17.—Clotting times in 50 patients during the first 10 days following operation 
(dotted line). As a control the clotting curves of nonoperated patients and young healthy 
males is stable. The eosinophil count (straight line) fluctuates as an expression of surgical 
a The postoperative waves are expressions of pain, anxiety, visitors, and troubles at 
1iome. 
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Fig. 18.—The response of clotting times and eosinophil counts to daily doses of ACTH 
On the right, the response is poor 
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On the left the clotting mechanism responds well to stress. 
this patient had multiple areas of thrombosis. 
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Fig. 19.—The effect of retarded blood flow on the corpuscular elements of the blood. 
marginal position of leukocytes and platelets when the stream is slowed down. 
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Number 3 

When one plots the clotting times following a standard operation, a tri- 
plastic reaction develops which closely resembles other fluctuating phenomena, 
such as eosinophil count, sodium-potassium ratio, and other factors (Fig. 17). 
With it the patient’s heparin resistance also rises and falls, i.e., the amount of 
heparin necessary to raise the coagulation time to approximately double 
the preinjection level also fluctuates during this period. In ease of a elin- 
ically manifest venous thromboses, the more acute and widespread the throm- 
bosis, the more heparin is needed to restore the balance. 

Operative stress is usually well compensated by the resources of the body. 
Only when they fail will clinical thrombosis develop although it is more than 
likely that small thrombi, microthrombi, form and dissolve in us many times 
but remain subclinical. Once the clot is formed, heparin ean only prohibit 
the propagation of the clot. Fibrinolysin, however, can dissolve clots and 
one ean try an active fibrinolysin by drip intravenously. The clinical results 
are yet uncertain. The widespread use of trypsin and varidase have an anti- 
inflammatory effect but do not influence the thrombus. 

For some years we have tried to ascertain the preoperative response of 
the clotting mechanism to a standard stress and see how it correlates with the 
postoperative response. Generally speaking the normal individual responds 
with a drop of eosinophils and a prolongation of clotting time to a 25 mg. dose 
of ACTH. Some of them, however, show no rise or fall of clotting time when 
ACTH is given, and one ean interpret this failure to respond as a warning 
signal that the bodily defense to injury is weak. One can also demonstrate 
this by prolonged dosage of ACTH over several days (Fig. 18). On the left 
a patient’s clotting response was satisfactory. She had rheumatoid arthritis. 
On the right, the patient had a diffuse scleroderma and had patches of gan- 
grene on her digits. While the preoperative ACTH test will not pick out in- 
variably the patient who will develop a postoperative thrombosis, it is a sereen- 
ing test for the endangered group in which prophylactic administration of 
heparin may be useful. 

The clotting times are single tube venous clotting times (Lee-White) but 
one ean make them more sensitive by adding tiny (1 to 4 gamma) doses of 
heparin to each cubic centimeter of blood. 

The activation of fibrinolysins as a result of stress is another interesting 
facet of the problem. It is clinically obvious after massive hemorrhage. We 
have used aged plasma activated by minimal doses of trypsin to bring about 
thrombolysis, but our experience with this is still quite meager. 


Stasis —The localizing effects of slowing circulation need hardly be be- 
labored. Aschoff! in his Lectures on Pathology published a helpful diagram to 
illustrate the axial stream of the plasma and the sedimentation of corpuscu- 
lar elements, when the flow of blood is retarded (Fig. 19). The recent intra- 
vital studies on sludge may simply be a photographic registration of the slow 
stream and the sedimentation with loss of plasma. Certain impediments to 
venous return by constriction of ligaments or tendons have been illustrated 
some time ago in a paper with Edson Fowler (Fig. 20). Equally striking is 
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the effect on the incidence of thrombosis of sudden hypotension below a critical 
level such as occurs during operation in massive hemorrhage or other shock- 
like states such as coronary thrombosis. Arterial thrombosis may readily 
oceur at the site of pre-existing stenosis due to atheroma, in hypotensive states. 
This is the usual mechanism of postoperative acute arterial thromboses. Steno- 
sis and turbulence are particularly important in the arterial tree for the lo- 
ealization of a thrombus. The clinical application of these considerations seems 
obvious. At a partially obstructed stenotic arterial tree or in a stagnant pool 
of a venous plexus, the critical factor maintaining patency is a well maintained 
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Fig. 20.—Areas of constriction by ligaments or tendons affecting venous return. A, 
Peroneus longus tendon crossing plantar vein, B, upper border of malleolar ligament, C, upper 
edge of soleus muscle, D, adductor canal, and EF, inguinal ligament. (From de Takats and 
Fowler: The Problems of Thromboembolism, SURGERY 17: 153, 1945.) 


blood pressure. Quick?> gave a graphic description of the formation and 
propagation of a thrombus in the presence of a slow stream, and I am quoting 
verbatim: ‘‘. . . the local thrombus undergoes retraction and expresses a 
serum in which rapid generation of thrombin occurs. When the circulation 
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Fig. 21.—Diagram of normal and increased endothelial permeability. The non-wettable 
surface gives a straight meniscus. The wettable (hydrophilic) surface gives a concave menis- 
cus. The intima is permeable and red cells are seen below the intima. The internal elastic 


the media is swollen. Plasma is leaking through the wall. (From de Takats, G.: Vascular 
Surgery, Philadelphia, W. B. Saunders Company. To be published.) 
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Fig. 22.—Stereoscopic view of normal endothelium. The lines correspond to the inter- 
cellular cement. The small clots are adhering platelets. (From Altschul, R.: Endothelium, 
New York, 1954, The Macmillan Company.) 
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is rapid, thrombin is quickly washed away and made innocuous by dilution. 


If the blood stream is stagnant the nascent thrombin clots the blood surround- 
ing the thrombus. This secondary clot becomes firmly attached to the first. 
It contains entrapped platelets and will therefore retract. By numerous repe- 
titions of this process the thrombus is propagated.’’ 

This is then a dynamie process, obviously difficult to measure in a test 
tube. Attention should be ealled to the fact that the nontreated or insuffi- 
ciently treated acute thrombosis may develop into a chronic, recurrent, or even 
‘‘malignant’’ phase of thromboembolic disease in which the slightest trauma, 
infection, or surgical stress initiates a progression of thrombosis. Wholesale, 
protracted Dicumarol therapy given in insufficient doses brings on such a 
smouldering state. When Dicumarol or one of its substitutes is suddenly 
stopped, the clotting equilibrium swings over to produce a rebound phe- 
nomenon. Examples of such “iatrogenic” thromboses can be readily cited. 

The State of the Vessel Wall.—The vessel wall becomes permeable to 
plasma under conditions of ischemia, spasm, and inflammation; and depend- 
ing on filtration pressure, plasma will seep into the wall or thromboplastic 
substanees may enter the lumen (Fig. 21). According to the beautiful silver 
nitrate and toluidine blue impregnations of O’Neill, Samuels and Webster,”* it 
is the damage to the ground substance, the intercellular cement which at- 
tracts the platelets and starts them to clump (Fig. 22). Interestingly enough, 
the ground substance stains with toluidine blue and is structurally related 
to heparin, which also stains with the dye. Thus the prethrombotie state of 
the wall may be determined by its intercellular cement and the anticoagulant 
substances it contains. Minor damage such as stasis or compression may start 
the platelets to adhere to the cement. 

Another new line of investigation refers to the negative electric charge, 
which damaged or necrotic tissue gives off. Such electrophysical considerations 
have been stressed by Sawyer and Deutch” and are capable of measurement. 
Heavily radiated, sterilized or nonliving tissues show no such electric potential 
and thus may be more suitable for transplantation than a fresh homologous 
graft, which in addition may slow antigenicity. 


SUMMARY 


The surgeon certainly wishes to be more than a skilled technician. The 
help which anesthesia, hypothermia, blood transfusion, and fluid and elee- 
trolyte replacement provide allows him to extend his surgical procedures over 
regions and organs which were previously taboo. Still all he can do is to as- 
sist the human body in its wisdom to repair itself. This teleologic approach 
is frowned upon by many as being unscientific and outmoded. As early as 
1896, a physiologist, E. Von Briicke, said: ‘‘Teleology is a lady, without whom 
no biologist can live. Yet he is ashamed to show himself with her in publie.’’ 
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REMOVAL OF THE EPICARDIUM IN MYOCARDIAL 
REVASCULARIZATION PROCEDURES USING A 
SPECIAL EPICARDIAL STRIPPER 


JAcK LitvAk,* M.D., AND ARTHUR M. VINEBERG,** M.D., 
MONTREAL, QUEBEC 


‘From the Department of Experimental Surgery, Faculty of Medicine, McGill University) 


MAS methods of surgical revascularization of the ischemie myocardium 
in coronary artery insufficiency have been described in literature. In- 
vestigators have been encouraged by successful results in the laboratory and 
have extended their procedures to the human heart. Subjective evidence of 
significant clinical improvement has prompted further trial and revision of 
existing revaseularizing procedures and intensified the search for new ones. 

In previous publications from this laboratory, the method of myocardial 
revascularization by implanting the left internal mammary artery into the 
ventricular myocardium has been described. In the experimental animal (the 
dog), internal mammary artery implantations protect approximately 75 per 
cent of the animals from the results of acute ligation of the anterior descend- 
ing branch of the left coronary artery proximal to any of its branches. This 
group has been compared to a series of control animals without the implanted 
mammary artery of whom approximately 75 per cent are lost under identical 
experimental conditions. Subjective results with human eases have also been 
most encouraging with this type of revaseularization as reported recently and 
in the past.” 15 

To improve these experimental results, continuous planning and effecting 
new methods of implanting the immense systemic vascular potential of the 
internal mammary into the ventricular myocardium are taking place in the 
Experimental Surgical Laboratories of McGill University. Throughout the 
past year, efforts have been directed at placing the intact left internal mam- 
mary artery directly on the bare myocardium without interrupting its blood 
flow. In these experiments, the internal mammary artery is freed entirely 
from the chest wall from the subclavian artery to the diaphragm inclusively. 
The artery is then placed in direct contact with myocardial bundles covering 
an area extending from the pulmonary conus to the apex of the left ventricle 
while crossing over the anterior descending branch of the left coronary artery 
en route. To accomplish this, the epicardium must first be removed over this 
entire area.” Furthermore, the standard Vineberg implantation procedure in 
man has been supplemented by the use of pericardial fat pads applied directly 


This work was made possible through a grant-in-aid from the Department of Health” 
and Welfare, Ottawa. 
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to the ventricular myocardium. The efficacy of using this procedure was 
prompted by convincing experimental studies in the dog and has been suc- 
cessfully applied in human eases.'*"15 

The most important and difficult feature in attaching fat pads or internal 
mammary artery to the ventricular myocardium has been the safe and rather 
generous removal of epicardium (visceral pericardium). The epicardium acts 
as a barrier to the desired proliferation of new blood vessels. Experimental 
studies have proved that free communication can exist between a graft and 
myocardium only when the epicardial barrier has been removed.* * ° 

In attempting to bring other forms of vascular supply to the ischemic 
myocardium, certain authors have deseribed methods which they have devised 
for removing or destroying the epicardium. These methods range from the 
use of phenol to the physical maceration of the epicardium with a metal 
burr. &§ 

Chemical and physical abrasive techniques are to be condemned for their 
lack of anatomic approach, for the hemorrhage and maceration they produce, 
and for the resultant sear tissue—all of which defeat any justification for the 
procedure. 


In the past, we have preferred the sharp dissection of epicardium by 
spreading and freeing gradually with Metzenbaum scissors and blunt dis- 
sectors. This process was slow, and even the most careful dissection took its 
toll of small coronary vessels and myocardial fibers. For these reasons, a 
special instrument has been developed for this purpose. 


USE OF THE EPICARDIAL STRIPPER 


A small nick is made in the epicardium in the desired location with a 
scalpel. A small right angle retractor with the handle offset to the right or 
left as desired (Fig. 2, A or B) is then gently inserted beneath the epicardium 
through the nick, and an area of approximately 1 em. diameter is teased away 
from the myocardium. The free edge of epicardium is grasped with an Allis 
forceps, the retractor is removed, and the nick is widened to approximately 1 
em. in length with scissors. The tip of the epicardial stripper (Fig. 1) is in- 
serted beneath the freed edge of epicardium while gentle traction is main- 
tained on the Allis forceps. Alternating forward pressure on the stripper and 
its trigger blade will readily free the epicardium as the blades advance the 
desired distance. Any small or large vessels encountered will be gently moved 
beneath the stripper blades as it advances, and the only structure overlying 
the blades will be free epicardium. An incision can then be made along one 
side of the stripper blades through the epicardium while the free edge is 
grasped with forceps. The freed portion of epicardium may then be excised 
with scissors or further removed with the scalloped, blunt-edged instrument 
deseribed in Fig. 2, C. It is reeommended that the epicardial stripper be used 
a second or third time if larger areas of epicardium are to be removed. 


Results with the epicardial stripper on numerous experimental animals 
have been uniformly satisfactory. The epicardium has been removed without 
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mishap from almost the entire anterior surface of right and left ventricles 


including areas overlying large and small coronary arteries and veins. 


In 
comparing histologic sections of fat pad and internal mammary artery grafts 


of previously described methods of epicardial removal with those in which the 
new stripper has been used, a significant reduction in inflammatory reaction 
and fibrous tissue formation has been consistently observed. 





Fig. 1.—Photograph and inset diagram of the 
made entirely of stainless steel and is easily 
The pistol grip B can be grasped in either the right or left hand. The 
depressed with the thumb, forcing blade C to move forward 
its original position due to pressure exerted by 


epicardial stripper. The 


instrument is 
dismantled for cleaning and 


sterilizing purposes 

trigger lever A is 
on blade D. Blade C returns to 
spring # when the thumb is released. 


\ 
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-A and B. Right and left offset handle right angle retractors. 


The seallope | 
edged stripper. 
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Though the tips of the blades of the stripper are blunt, a word of caution 
is inserted concerning their direction during operation. The tip of the blades 
must be maintained constantly in the view of the operator and directed out- 
ward from the myocardium. The blades are capable of tunneling into the 
ventricular myocardium if desired. 
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Fig. 3.—Photomicrograph of intact internal mammary artery complex placed directly 
on myocardium after removing epicardium with the epicardial stripper. Sixty days after 
transplant of internal mammary artery injected with India ink. Note presence of branching 
from the artery and relative paucity of interposing connective tissue as well as minimal 
intimal or medial hyperplasia of the transplant. (X25). 


DISCUSSION 


A new instrument is herein proposed and its suceessful application re- 
ported for the anatomic removal of epicardium from the ventricular myo- 
‘ardium. The epicardial stripper should be of value to others who are in- 
terested in other types of myocardial revaseularization procedures. 
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DEEP VEIN LIGATION IN THE POSTPHLEBITIC EXTREMITY 


RaupH A. Strarron, M.D., anp Ropert W. Buxton, M.D.,* ANN ARBor, MICH. 


(From the Department of Surgery, University Hospital and University of Michigan Medical 
School) 


aang Farris, Moyer and Coller,t in 1944, first described the use of 
femoral vein ligation as an adjunct in the management of 21 patients with 
postphlebitic sequelae.t One year later, Buxton and Coller® reported on this 
same series with the addition of 3 patients. Although both of these reports 
were based on early postligation follow-up, it was believed that femoral vein 
ligation was of value particularly in those patients with chronic skin ulceration. 
It was considered to be of questionable value where other sequelae were present. 

In 1950, Buxton® reported a follow-up on this group of patients and added 
those cases which had been treated by deep vein ligation in the interim. The 
total series included 72 patients with unilateral or bilateral postphlebitic 
sequelae. Of these, 49 patients had femoral vein ligation; 2 had iliae vein liga- 
tion; 11 had inferior vena cava ligation; and 10 had popliteal vein ligation. 
It was concluded that surgical ligation of the deep veins gave no better re- 
sults than a vigorous, well-planned, conservative program. 

The purpose of this paper is to report a long-term follow-up on the above- 
mentioned group of patients, who at this time vary from 1 to 12 years post- 
ligation. 

METHODS 


In the group of patients herein reported, superficial varicosities were treated 
by ligation and stripping, where indicated, either prior to or at the time of 
deep vein ligation. There were no instances where injection of varicosities with 
sclerosing materials was carried out. Where ulcers were present preoperatively, 
deep vein ligation was not delayed until complete healing had occurred. These 
patients were placed at bed rest with elevation of the involved extremities and 
the uleerated area was treated with wet dressings. In those in whom it was felt 
that conservative measures would fail to heal the ulcerations, wide excision and 
covering by split thickness grafts were done at the time of deep vein ligation. 

Patients were encouraged to ambulate early in the postoperative period, 
with elastic supports on the extremities. The conservative treatment to the ul- 
cerated area was continued except in those instances where grafting procedures 
were carried out. Lumbar sympathetic blocks were done on 4 patients who 
showed evidence of severe vascular insufficiency in the hope that the improved 
blood supply would aid in the healing of ulcerations. 


Received for publication May 7, 1956. 
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*These sequelae include: (1) pigmentation, (2) edema, (3) static dermatitis, (4) pain 
ind/or fatigue on exercise or at rest, (5) ulceration, and (6) varicosities. 
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Upon discharge from the hospital all patients were instructed as to the 
proper care of their extremities and advised to wear elastic supportive dressings 
as long as swelling persisted. A close follow-up was maintained in the early 
postoperative period, and when new superficial varicosities appeared or recurrent 
ulcers developed, appropriate treatment was instituted. 

This follow-up was obtained by sending a letter to all the patients in the 
series asking them to come to the University Hospital Outpatient Clinic for a 
check-up examination. A questionnaire was also enclosed which was to be 
filled out and returned to us if they were unable to come in for this examina- 
tion. Fifty patients responded in one of the ways mentioned above. The data 
on the 22 patients whom we were unable to reach is that which was obtained 
in 1950 when all of the patients were contacted. The mean follow-up time 
interval obtained on the entire series is 8 years postligation. 


RESULTS 

Femoral Vein Ligation.—The first femoral vein ligation performed at the 
University Hospital for treatment of the postphlebitie extremity was carried 
out in 1943. Sinee this time ligation of either the superficial or common femora! 
vein has been done on 49 patients. Four patients of this group died of un- 
related causes before adequate follow-up could be obtained and they are not 
included in this report. The ages of the patients included varied from 30 to 
87 years at the time of vein ligation. There were 23 men and 22 women. 

The effect of femoral vein ligation on leg ulcerations is summarized in 
Table I. In 1950, 15 (43 per cent) of the 35 patients who had ulcerations 
prior to deep vein ligation were found to have either new or recurrent ulcers. 
At the present time, 20 (57 per cent) of this same group of patients have 
unhealed uleers. The result obtained after skin grafting of the uleerated areas 
are included in Table I. The combination of deep vein ligation and grafting 
has resulted in healing in only 1 of 4 patients. 


TABLE I. Errecr or FEMORAL VEIN LIGATION ON ULCERATIONS 











PREOPERATIVE __| 

| UNI- BI- = = . 

| ULCERS | LATERAL | LATERAL | UN- | RECUR- | GRAFTED 12 

| IN ULCERS | ULCERS | HEALED | HEALED | NEW | RENT |____ _(PER CENT) 

| ENTIRE (PER (PER | (PER | (PER | (PER | (PER | G RAFT | BROKE 

| sertes| cent) | cent) | CENT) CENT) ciel | CENT) | FAILED | DOWN | HEALED 
195035 80 20 57 4: «838 66 
195 Ys) 35 80 20 43 5 43 8 67 25 





POSTOPER ATIVE 





? 
) 
‘ 





The term “broke down” refers to those ulcerated | areas which were grafted and healed 
initially but later developed recurrent ulceration in the area of grafting. The term ‘‘new” 
refers to those ulcerations which developed in areas in which there were no ulcerations prior 
to ligation. Calculations of percentages were based on the number of preoperative ulcers 
and the results were not rounded off to total exactly 100 per cent. 


Table IT shows the effeet of femoral vein ligation on ehronie leg edema. 
The latter varied from early pitting edema with few local skin changes to 
brawny, nonpitting edema with marked subeutaneous fibrosis. Six patients (15 

en iad ex nt postligation results. ese, however, all but one 
yer cent) had excellent tligatior ult Of tl ] ll but one 
wore good supportive dressings. Nineteen additional patients (40 per cent) 
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had diminished swelling. 


Of the 4 patients (9 per cent) with no preligation edema, 2 


following ligation and 2 remained edema-free. 


TABLE IT. 
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Sixteen of this group also wore supportive dressings. 


developed edema 


Errecr OF FEMORAL VEIN LIGATION ON EDEMA 








PREOPERATIVE 
(PER CENT) 


POSTOPERATIVE 
(PER CENT) 





NO UNILATERAL | BILATERAL NO | DIMINISHED | SAME AS | INCREASED 
| EDEMA EDEMA EDEMA EDEMA EDEMA PREOPER. EDEMA 
1950 60 23 17 
1955 9 56 36 13 40 32 14 


Calculations of percentages were based on the 














entire series of femoral vein ligations. 


The incidence of fatigue and/or pain on ambulation or at rest is shown 
in Table III. It is apparent that these symptoms were benefited little by this 
method of treatment. 


TABLE IIIT. Errecr or FEMORAL VEIN LIGATION ON PAIN AND/OR FATIGUE 














~ POSTOPERATIVE 





REST EXERCISE 
PREOPERATIVE (PER CENT) (PER CENT) 
PPR ORO ET Tia | ye eT | - 
| REST | EXERCISE | DIMINISHED | SAME | INCREASED | DIMINISHED | SAME | INCREASED 
1950 36 64 50 
1955 26 31 37 45 20 35 61 4 


: Calculations of percentages were based on the number of patients in the series who had 
pain and/or fatigue at rest and on exercise prior to ligation. 














Three patients had no varices at the time of ligation but developed them 
in the postligation period. The remaining patients in the group had varicosities 
prior to femoral vein ligation. As a result of treatment to recurrent superficial 


varicosities during the early postligation period, few of these patients have 
varicose veins at this time. 


Popliteal Vein Ligation —Ligation of the popliteal vein was performed in 
a small series of patients after Bauer’ reported his success with this procedure. 
There were 10 patients in this group, of whom 5 required bilateral ligation, 
making a total of 15 extremities in which the popliteal vein was ligated. Table 
IV summarizes the present status of patients on whom this procedure was 
carried out. Uleerations were present in all of these extremities prior to 
ligation and at this time 80 per cent are healed. Edema and pain and/or 
fatigue were improved in less than one-third of the extremities so treated. 


TABLE IV. LIGATION OF POPLITEAL VEIN IN FIFTEEN EXTREMITIES 








POSTOPERATIVE 
PREOPERATIVE (PER CENT) 
(PER CENT ) HEALED | UNHEALED | NEW | RECURRENT 
100 80 | 20 7 | 33 
IMPROVED | SAME INCREASED 
Edema 33 14 53 





SEQUELAE 





Uleer 








Pain and/or fatigue f 27 53 20 


53 14 





Varicosities 33 
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Elastic support was worn by all but 2 of this group of patients. In the 2 
patients who wore no supportive dressings, the ulcer remained healed in 1 and 
recurred in the other patient. 

Iliac Vein Ligation.—lliae vein ligation was carried out in 2 patients. In 
both patients there had been an acute exacerbation of chronie phlebitis with 
involvement too high to be treated effectively by femoral vein ligation. There 
were no ulcerations present in either patient preoperatively and there are none 
present at this time. Elastic supports have been worn faithfully by both 
patients and postligation swelling has not been a problem. 

Inferior Vena Cava Ligation.—The inferior vena cava was ligated in 11 
patients with postphlebitic sequelae. Two of these patients died in the early 
postoperative period of causes apparently unrelated to the ligation and are 
not included in the follow-up study. The results are summarized in Table V. 
Six patients had ulcerations prior to ligation and in only 1 patient is the uleera- 
tion healed at this time. The effect of inferior vena cava ligation on edema and 
pain and/or fatigue is equally as poor. 


TABLE V. LIGATION OF INFERIOR VENA CAVA IN NINE PATIENTS 























PREOPERATIVE POSTOPERATIVE 
SEQUELAE UNILATERAL | BILATERAL IMPROVED | SAME INCREASED 
Edema 4 4 4 | 1 4 
HEALED | UNHEALED | NEW _ | RECURRENT 

Uleer 6 1 5 4 2 
Pain and/or 

fatigue 7 7 
Varicosities 4 4 








DISCUSSION 


Pathophysiology and Rationale of Treatment.—The venous pressure in an 
extremity is conventionally measured by the height of a water column extend- 
ing from the level of the right auricle. In the vertical position there is a 
considerable increase in venous pressure due to the effect of gravity, and hence 
there is a tendency for blood to pool in the dependent extremities. Under 
conditions of quiet standing the venous pressure in both the normal and post- 
phlebitic extremities are comparable, although increased, and may exceed the 
oncotie pressure of the blood setting the stage for edema formation. 

In the normal extremity, contraction of the muscles against their limiting 
fascias enables the body to efficiently move static blood toward the heart. 
Reflux during relaxation is prevented by competent venous valves. 

Warren'* measured the resting erect venous pressure in both the normal 
and postphlebitie extremity and found them to be approximately equal. A\l- 
though with exercise there was a reduction in the erect venous pressure in 
both, the average fall observed was 53 em. of saline in the normal extremity and 
only 2 em. in the postphlebitic extremity. Similar findings were reported by 
Bauer’ and by Ochsner and his co-workers.’ 

The recent studies by Fell and his associates* show that during muscular 
activity competent valves in the communicating vein compartmentalize the deep 
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and superficial venous systems in an extremity. Inflammation distorts both 
the communicating and deep venous valves making muscular contraction ineffi- 
cient in moving static blood in the postphlebitic extremity. Thus, the pressure 
measured in the superficial saphenous system remains constantly above the 
oneotie pressure of the venous blood and edema develops. It would appear then 
that this ambulatory venous ‘‘hypertension’’ with its associated venous over- 
loading and stasis is an important factor in the production of the various post- 
phlebitie sequelae. 


Several other factors may also be important in the pathophysiology of this 
syndrome. (1) There is an increase in lymph formation due to the failure of 
the muscular pump to intermittently reduce venous pressure. In addition, 
lymphatie channels may be destroyed by the inflammatory process. Both 
factors favor the formation of lymphedema. The recent work of Moyer and 
Butcher’ in demonstrating the absence of cutaneous lymphatics in the thickened 
skin surrounding chronic ulcers is particularly pertinent. Whether the lym- 
phatie damage is the cause or effect of static ulcers remains to be seen. (2) 
Vasospasm is considered an important factor by some observers. It is an 
important element in the patient with acute thrombophlebitis, and much of the 
pain and swelling can be relieved by sympathetic block. Presumably diffuse 
vasospasm may persist for years and may be important in producing the cold, 
cyanotic extremity sometimes seen in the postphlebitic syndrome. 

It would appear therefore that the most important single factor in the 
development of postphlebitic changes is the distortion of valves in the deep 
and communicating venous systems. Ligation of the deep veins produces in a 
sense an effective valve, but at the same time venous outflow from major 
channels is obstructed. It is essential therefore that adequate collateral channels 
around the level of ligation be present. Bauer’ has shown by phlebography 
the existence of such pathways. It is upon these collateral channels then that 
the suecess of ligation depends. 


Femoral Vein Ligation.—In 1948, Linton" reported the results of femoral 
vein ligation in 49 patients (84 extremities) with postphlebitie sequelae. His 
observations (up to 16 months in duration) showed complete healing of 80 per 
cent of the preligation ulcers. Glasser’s® series of 71 patients (94 extremities) 
contained 58 preligation uleers. He reported only 11 unhealed ulcers 1 year 
later Webb,?® in 1954, reported no recurrent ulcers in a group of 20 patients 
treated with femoral vein ligation in a 1 year follow-up study. 

The observations presented above represent much better results than those 
obtained in our group of patients. However, the data are not strictly compara- 
ble because of the difference in follow-up time interval. Moreover, it has been 
exceedingly difficult for us to determine precisely the effect of vein ligation 
alone upon the results reported by the above-mentioned authors. To each of 
these patients was extended careful attention to the care of their extremities, 
frequent advice regarding the use of elastie supports, and prompt interruption 
of superficial varicosities. We noted a close correlation in our group of 
patients between good care of extremities and a good result. 
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Swelling was improved or absent in 53 per cent of our patients following 
femoral vein ligation. This figure agrees closely with the results reported by 
the above-mentioned authors in treating this sequelae. There is also close 
agreement between the observations of Linton’! and Glasser® and our results 
concerning the effectiveness of femoral vein ligation in relieving pain and/or 
fatigue. 

Linton"! and Glasser® both emphasized ligation of only the superficial! 
femoral vein stating that inclusion of the profunda femora produces intractable 
edema. In Table VI the relation of the level of femoral vein ligated and the 
effect on the various sequelae is summarized. In no ease in which the common 
femoral vein was ligated was there an increase in edema. The effect on uleera- 
tions and pain and/or fatigue were comparable in the two groups. These 
findings suggest that the level of femoral vein ligation made little difference 
in the results obtained in treating the postphlebitic extremity. 


TABLE VI. RELATION OF SEQUELAE TO LEVEL OF FEMORAL VEIN LIGATED 


EDEMA ULCER 




















i --VARICOSITIES 
NUMBER | (PER CENT) (PER CENT) | (PER CENT) 
LEVEL OF OF ABSENT OR | a NEW OR 
LIGATION PATIENTS IMPROVED | INCREASED HEALED ABSENT RECURRENT 
S.F.V 32 47 22 53 ee | 56 
Sims Ve 13 69 0 69 46 54 





Popliteal Vein Ligation.—This level was chosen because of some dissatis- 
faction with the results obtained with ligation at the femoral level. It was 
Bauer’s contention that once the blood reached the powerful muscle mass in 
the thigh it was amply taken care of by the abundant vessels in this area.’ In 
1950, Bauer reported on a group of 194 patients in which popliteal vein liga- 
tion had been carried out with a follow-up on 80 of these patients of 214 years 
in duration. He reported a serious recurrence of ulceration in only 5 cases 
and a brief recurrence with later healing in an additional 9 cases.’ 

It was in our group of popliteal vein ligations that the best results were 
obtained in the healing of ulcerations. However, all of these patients wore 
elastic support following the ligation and a definite correlation between good 
care of the extremity and good result was noted. 

Inferior Vena Cava Ligation.—The results summarized earlier in this paper 
indieate that ligation of the inferior vena cava produced little improvement in 
the postphlebitie extremity. This procedure should be reserved for cases of 
bilateral phlebothrombosis with rapid thrombus propagation or thrombophlebitis 
with a history of pulmonary infarct or involvement of the pelvic veins." 


CONCLUSIONS 


The use of deep vein ligation in the treatment of the postphlebitie extremit) 
has not produeed a significant improvement in the symptoms of all patients so 
treated. It is our feeling that meticulous attention to cleanliness of the feet. 
elevation of the legs when sitting, carefully fitted elastic support applied prior 
to arising, prompt interruption of any dilated, superficial veins, and excision 
and grafting of those ulcers which fail to respond to conservative measures 
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may give results more favorable than those obtained with the addition of deep 
vein ligation to this program. We have been unable to attain the advantageous 
results reported by other surgeons upon ligation of the deep veins of the post- 
phlebitie extremity. 

SUMMARY 


1. A brief review of the pathophysiology and of the rationale of deep vein 
ligation in the postphlebitie extremity is presented. 

2. The management of the pre- and postoperative period in a series of 
deep vein ligations at the university hospital is outlined. 

3. A report on the results obtained in 45 cases of femoral vein ligation 
is presented with a relatively long-term follow-up. 

4. Also reported are the results in a much smaller series of patients after 
inferior vena cava, iliac, and popliteal vein ligations. 

5. The advantage of deep vein ligation in the treatment of patients with 
the postphlebitic syndrome is not apparent in this series. The superiority of 
deep vein ligation over more conservative symptomatic and supportive measures 
has not been discernible. There is no apparent advantage in the combination 
of these two methods of treatment. 
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OBSERVATIONS ON THE USE OF SYMPATHETIC NERVE BLOCKS 
IN ORTHOPEDIC AND TRAUMATIC SURGERY 


Ricuarp L. Fenton, M.D., Ossrnine, N. Y., BERNARD VivA WETCHLER, M.D., 
AND GLENN R. WeEyGANDT, M.D., Peoria, ILL. 


(From the Departments of Orthopaedic Surgery and Anaesthesia, U. S. Army Hospital, 
Ft. Bragg, N. C.) 


INTRODUCTION 


iy IS the purpose of the authors to present a review of their experiences in 
the use of sympathetic nerve blocks as an adjunct in treatment in ortho- 
pediec and traumatic surgery. These observations include their use following 
extensive orthopedic procedures and severe trauma as well as in the treatment 
and prevention of reflex sympathetic dystrophies. 

The literature abounds with descriptions of the following entities: chronic 
traumatic edema, traumatic angiospasm, acute atrophy of bone, traumatic 
vasospasm, Sudeck’s atrophy, peripheral acute trophoneurosis, reflex nervous 
dystrophy, minor causalgia, and sympathalgia. If one examines and evaluates 
all of these conditions, it will be noted that each has as its principal symptom 
complex pain and vaseular and trophic changes. These disorders are actually 
different manifestations of the same syndrome and should be grouped under 
the heading of reflex sympathetic dystrophies. 


We have attempted in selected cases of trauma and extensive surgery of 
the extremities to prevent reflex sympathetic dystrophies or to interrupt al- 
ready established dystrophies. We have, we believe, been able to minimize 
swelling, stiffness, and pain in these cases. Many of our patients required 
little or no nareoties after blocks even though their pain was considerable 
before nerve block. In most others, it was possible to reduce substantially 
postoperative narcotics. In all instances normal orthopedic precautions and 
therapies were carried out; that is, elevation, physiotherapy, and so forth. 


Patients with already established swelling, duskiness, stiffness, pain, and 
dry, shiny skin persisting several weeks after surgery or trauma were relieved 
of these symptoms, often after only 1 or 2 injections. 


METHOD OF TREATMENT 

Although it is not within the scope of this paper to give the details of 
technique of giving the blocks, we do feel it important to outline our general 
routine of treatment. 

It is of utmost importance for the operator to become thoroughly familiar 
with the techniques of doing sympathetic blocks and then to follow these 
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techniques closely.’ °* Unless meticulous care is taken in performing the blocks, 
the results will not be uniform and the operator can have no degree of cer- 
tainty that he has interrupted the sympathetic pathways. 

Our cases were chosen either because of severe trauma and/or extensive 
surgery or because of the presence of the symptoms of excessive swelling, pain, 
stiffness, and vascular spasm. When used in hopes of preventing the above 
symptoms, a sympathetic block (stellate for the upper and lumbar sympathetic 
for the lower extremity) was given immediately after surgery or within 24 
hours and repeated at 24-hour intervals for 3 to 5 days. When used to re- 
verse already established symptoms, a block was given, and the patient was 
told to return to the anesthesia department in 24 hours. If pain had recurred, 
a second block was given, and similar instructions were given to the patient. 
If no pain recurred after 24 hours, the patient was re-examined. Where the 
limb was normal, blocks were discontinued. Where swelling, coldness, or stiff- 
ness had reeurred or persisted, a second block was given. This procedure was 
repeated as long as necessary. 

Usually 3 to 5 blocks sufficed, often 1 or 2 relieved all signs. In some 
instances we have given more than 5 blocks, but this has been rare. When 
there has been no response after 2 or 3 blocks the treatments were discontin- 
ued. Relief for 6 to 12 hours often oceurred following the first injection, 24 
hours after the second, and permanent relief noted with the third. 

During the period of treatment, physiotherapy—whirlpool and exercise— 
was given whenever feasible. The patient was sent directly from the anes- 
thesia block room to the Physical Medicine Department so that full advantage 
could be taken of the pain relief and reduction in the stiffness and swelling. 
When it was not practical to follow this plan because of plaster of Paris im- 
mobilization, the involved limb was maintained in elevation and all neighbor- 
ing parts were exercised. The patients were urged to move fingers or toes 
and taught to do muscle setting exercises within their splints. .All personnel, 
nurses, and orderlies, were instructed to encourage this exercise, and the pa- 
tients were visited daily in the wards by the physiotherapist for continued 
instruction. 

ANALYSIS OF CASES 


Our eases can be roughly grouped into several broad categories. These 
categories will be discussed separately. 


Established Swelling, Pain, Stiffness, and Circulatory Changes Following 
Minor Trauma.—(Changes greater than could be expected following this degree 
of trauma.) These symptoms followed sprains and contusions. The symptoms 
of reflex dystrophy were most commonly delayed hours to days after the injury. 
In many instances, physiotherapeutic methods had been used for varying 
periods without appreciable relief. In others, plaster of Paris immobilization 
had been utilized without reducing the disability. 


The usual course was immediate and marked relief of pain after one block. 
Swelling decreased, tissues became warm, and motion improved. Symptoms 
frequently returned after 4 to 12 hours but were less intense. After 2 to 5 
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Surgery 


1957 


March, 


PATIENTS RECEIVING BLOCKS TO RELIEVE ESTABLISHED SWELLING, PAIN, STIFFNESS 
AND CIRCULATORY CHANGES FOLLOWING RELATIVELY MINOR TRAUMA 











KF 
EF 


F 


M 


M 


M 


M 


M 


M 


M 


M 


M 


M 


M 


Total 


bloeks relief was permanent, in most instances. 


SEX | AGE | BRIEF HISTORY AND INDIC 





ATIONS| BLOCK | 





RESULT 





30 


99 
« 


24 


24 


99 


— 


Sprain with persistent pain and 
swelling 

Contusion of hand, Feb., 1954, 
swelling, pain, stiff, weak 

Contusion right wrist Jan., 1954, 
immobilized 2 mo. elsewhere, 
stiff, swollen, painful, cold 

June 20, contusion of palm, 
marked swelling, pain, cold, 
shiny 

July 26, steer stepped on foot, 
no fracture, Aug. 11, pain 
swelling, unable to bear weight 

Oct. 6, hurt in plane crash, 
erush injury to foot, marked 
swelling, pain, stiffness 

Sept. 6, cut major vessels in 
neck repaired, increasing pain, 
swelling, cold, stiffness of 
right hand and forearm 


Avulsion of brach. plexus, exten- 
sive paralysis, intractable pain 
entire extremity, 5 wk. be- 
fore 

Contusion of calf, undue pain 
and swelling persistent for 2 
wk. 

Oct. 4, sprain, persistent pain, 
swelling, at 5 wk. unable to 
bear weight 


Struck in thigh with gun butt, 
3 mo, of increasing pain and 
limp, osteoporosis 

Contusion of knee with pain, 
swelling and stiffness 3 wk. 
after injury 

Contusion right arm and elbow, 
3 wk. later marked pain, 
swelling and stiffness 

Sprain left ankle, stable 1144 mo. 
later, marked swelling, pain, 
stiff, unable to bear weight 

Contused foot, no fracture, 2 wk. 
of pain, swelling, and stiffness 


Sprain left ankle, moderate pain 
increasing daily, swelling, 
5 days 

Sprain ankle, ] mo. later, pain, 
swelling, unable to bear weight 

Stamped foot, 3 mo. of pain and 
swelling 


LSB Aug. 22 
Stell. April 5, 6 
Stell. April 13 to 
23, incl. 
Stell. June 23, 24, 
25, 26 
LSB Aug. 11, 16, 
19 
LSB Oct. 7, 8, 
9, 11 
Stell. Oct, 11, 12, 
Stell. Oct. 16, 17 
and 
ulna 
Stell. Oct. 19 
LSB Nov. 8, 9, 
Cont. 10, 15-18 
LSB Nov. 9, 10, 
16, 17, 18, 
20, 22, 23, 
24 
LSB Nov. 10, 15, 
Cont. 16, 17, 
18-21 
LSB Nov. 18, 24 
Stell. Nov. 20, 22 
LSB Dec. 1, 2, 3 
LSB Jan. 28 
LSB Jan. 29, 31 
LSB Feb. 9 
LSB Feb. 14 














- Exeellent response — 16 


Fair response 


ain gone, swelling less 


Improved motion, pain, 
swelling gone 
50% improvement early, 


then no further gain 
Complete relief of all 


symptoms 


Swelling and pain gone, 
able to bear full weight 


Pain gone, swelling much 
less 


Partial relief on stell., 
90% relief on stell., 
plus ulna nerve block, 
eventual complete relief 


Complete relief of pain 


Marked improvement 
about 75% relieved 


Steady improvement to 
final complete recovery 
by last block 


Relief of thigh pain, 
partial relief of foot 
pain 

Circumference 114” 
pain gone, motion im- 
proved 

Pain gone, swelling less, 
motion markedly im- 
proved ; 

Pain and swelling gone, 
good motion, able to 
bear full weight 

Had mild convulsive sei- 
zure with the block, 
treatment discontinued 

Pain and swelling gone, 
able to bear full weight 


less, 


Pain free, no swelling, 
able to bear full weiglit 
Complete relief 


] No response — 1 


Those patients in whom the 


changes were present for a long period of time before the blocks were insti- 


tuted were the few in our series requiring repeated bloeks or continuous 


bloeks. 


In none of our eases was the so-ealled “‘rebound’’ phenomenon noted. 
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TABLE II. Patrrents RECEIVING BLOCKS FOLLOWING EXTENSIVE SURGERY OR TRAUMA TO 
THE EXTREMITIES TO RELIEVE EXISTING PAIN AND SWELLING 











SEX | AGE HISTORY AND SYMPTOMS | BLOCK DATE l RESULT 
M 20 Release of web space of thumb, — Stell. Feb. 11 to Marked relief of pain and 
full thickness graft, P.O, pain 16 swelling, excellent heal- 
and swelling, Feb. 10 ing 
19 Open reduction of malunited Stell. Feb. 25, 26, Marked reduction of pain 
fractures distal metacarpals, 27 and swelling 
P.O. swelling and pain March 1 
Open reduction and wire fixa- Stell. March 10, Moderate relief after Ist 
tion right thumb, P.O. pain 1, 12 block, complete relief 
and swelling after 3rd_ block 
Opponens transplant, right Stell. March 17 Complete relief of pain, 
thumb, P.O. pain and swelling partial relief of swellir 
Persistent stiffness of shoulder Stell. Apr. 23 No increase in motion 
and elbow 3 mo, after Rush Supras Apr. 26 
nail 
Traumatic amputation tip of Stell. May 20, 24, Tenderness gone, all swell- 
middle finger, primary repair, 25,, 26,27 ing gone, 80% improve- 
Apr. 5, marked pain and ten- ment in motion 
derness 
Tendon transplants for wrist Stell. and May 26 ain gone, swelling less, 
drop, May 24, considerable Radial motion improved con- 
swelling, severe pain, stiffness Stell. May 27 siderably 
Bone graft to carpal navicular — Stell. June 28, 24, Pain gone, swelling much 
on June 22, excessive pain and 25 less, motion inereased in 
swelling fingers 
Excision of lunate Nov, 16, P.O. Stell. Oct. 17,18 Pain and swelling gone, 
pain, swelling and stiffness finger motion increased 
Open reduction and Rush nailing Stell. Nov. 24 Immediate relief of pain 
of humerus fixation Nov. 22, swelling much less, 
pain, swelling, and stiffness finger motion increased 
Traumatic amputation ring Stell. Dee, S$ Pain gone, swelling mini- 
finger, Dec. 11, crush injury, mal, primary healing, 
P.O. pain and swelling increased motion 
Fixation navicular and proximal Stell. Dee. 15, 16, Pain and swelling mini- 
capitate, excision of proximal 18 mal, finger motion im- 
capitate, Dec. 14, P.O. pain proved 
and swelling 
Laceration of all fiexor tendons — Stell. Dec. 27, Pain and swelling gone 
of wrist, Dec, 28, P.O. pain 
and swelling 
Gunshot wound of great toe, LSB Dec. 2 Swelling gone, motion 
Dec. 24, severe swelling and good, no pain 
stiffness of other toes 
Open fixation tibia and fibula, LSB Dec. 22, ain minimal, swelling 
elsewhere plated Dee. 9, first 27, 30 gone, rapid granulation 
seen and plaster off Dee. 22, and healing, later plate 
4” x 2” skin slough over plate, removed, bone graft and 
swollen and painful, cleaned nailed, solid healing 
and immobilized 
Traumatie amputation ring finger Stell. Jan. -ain and sensations gone, 
débrided, Jan. 2, swelling of 13, 15 swelling much less, mo- 
hand, stiffness, ‘‘ phantom- tion good 
limb’’ 
Wrist fusion Jan, 13, swelling, Stell. Jan. |] Swelling dramatically re- 
unable to move fingers duced, pain moderate, 
motion excellent 
Med. menisectomy, Jan. 7, P.O. LSB Feb. 9 No relief, refused further 
swelling and stiffness blocks 
Huge osteochondroma of lower LSB Feb. 9, 10 ain and swelling mini- 
tibia excised, Jan. 27, pain, mal, able to bear full 
swelling, stiff, unable to walk weight 
Amputation of great toe with an LSB Feb. 10, 12 Complete relief 
ax Jan. 10, phantom-limb 








or 
1g 








(Table II continued on next page.) 





FENTON, WETCHLER, AND WEYGANDT - tg 


TABLE I[I—ConrT’p 








SEX | AGE | HISTORY AND SYMPTOMS | BLOCK | DATE RESULT 
M~ 22 Repair laceration of 2, 3, 4 flexor Stell. Feb. 17 No relief, patient refused 
tendons, Jan. 4, swelling and further treatment 
stiffness 
M_ 38 Bosworth repair med. collateral LSB Feb. 21, 24 Good relief but patient 
ligament of knee, Jan. 17, refused further blocks 
severe P.O. pain and swelling 
PAIN AND SWELLING POSTTRAUMATIC 
Dislocated elbow, Nov. 25, Stell. Nov. 27, 29 Pain gone, swelling less, 
marked pain, swelling, dis- motion much improved 
coloration 
Severe ankle sprain with spread LSB Dee. 16, 18 Marked improvement 
mortise, severe pain and swell- 
ing 
Crush injury of foot, no fixation, LSB Jan. 2 Very much improved, walks 
Nov. 16, persistent pain, swell- without limp 
ing, and stiffness 
Gunshot wound foot, healed, LSB Oct. 8, 9 Marked improvement 
severe pain 
Fixation both bones of forearm, Stell. April 30 Complete relief 
closed reduction, severe pain 
and swelling, Apr. 22 
Bulldozer blade fell on foot, LSB Sept. 30 Pain free, swelling less, 
fixation lateral malleolus and Oct. 1, 4, 5, circulation better, sur- 
talus with very severe soft 8 gery made possible 
tissue damage, marked swell- 
ing and pain 
Fracture of clavicle, 3 wk. later Stell. Nov. 17, 18, Pain gone, good motion 
had pain and stiffness of 22, 24 
shoulder 
Fracture of caleaneus, Nov. 19, LSB Nov. 21, 22, Pain gone, swelling much 
marked swelling and pain 24 less 
Fracture of lateral malleolus, LSB Nov. 27, 29, Pain gone, swelling less 
Nov. 24, crush injury, severe 30 
pain and swelling in plaster 
Chip fixation ankle with severe LSB April 16, 17 Good relief of swelling, 
swelling and pain, Apr. 14 moderate relief of pain 
Incomplete fixation lst metatar- LSB Sept. 2,3,4, Pain and swelling gone, 
sal, 3 wk., unable to bear 7,8,9 able to bear full weight 
weight, pain, and swelling 
Chip fracture ulna styloid, mod- Stell. Jan. 17 No improvement 
erate pain and swelling 
Trimalleolar fracture of ankle, LSB Jan.17,19 Moderate relief of pain 
Jan. 13, severe swelling and and swelling 
pain 
Fracture fibula—midshaft, Jan. LSB Jan. 26 Pain gone, crutches dis- 
11, unable to bear weight, earded, no swelling 
severe pain and some swelling 
Fracture lateral malleolus, in LSB Feb. 9 No relief 
plaster on Feb. 3, swelling 
and pain 
Crush injury foot, fracture great LSB March 5 Good relief, able to bear 
toe, swelling and pain, unable full weight 
to bear weight 
Total—37 Excellent response—30 Fair response—2 No response—5 

















Severe Pain and Excessive Swelling Following Severe Trauma and/or Ex- 


tensive Surgery.—Following open or closed fractures or following prolonged 


orthopedic procedures, often under tourniquet control, it is not uncommon to 
have pain and swelling of a degree requiring splitting of plaster of Paris 
bandages and frequent use of narcotics. 
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All our posttraumatic and postoperative patients were given the usual 
supportive measures, such as analgesics and elevation. If, however, pain was 
excessive, or more especially if swelling developed, sympathetic nerve blocks 
were given. In most cases, one block would suffice to control pain. The swell- 
ing, as a rule, improved after the first block and was markedly relieved after 
the second. Our observations confirmed those of Betcher and associates! that 
the patients required much less use of narcotics following blocks than those 
patients who had no blocks. 

In one instance, we had a patient whose swelling increased noticeably 
after a block. It reeurred after a second block. One of us (R. F.) had ob- 
served this enigma occurring after blocks on rare occasions during previous 
work with postoperative blocks. The exact physiologic explanation is not 
clear, but it may be due to increased blood supply into a limb with a com- 
promised venous return, causing additional] engorgement. In any instance, it 
is rare. When encountered, blocks should be discontinued and necessary local 
treatment instituted. 

Pain, Swelling and Circulatory Changes Occurring on Attempted Mobiliza- 
tion Following Prolonged Immobilization.—A small, but appreciable, per cent of 
patients who have been immobilized for several weeks to months were unable 
to bear weight or to mobilize the involved limb after the plaster of Paris im- 
mobilization was removed. In some instances, these symptoms were so severe 
that the patient refused to allow the- foot to touch the floor. The part was 
usually eold, bluish, and dry, and swelled quickly on dependency. Most com- 
monly, there was a generalized or spotty osteoporosis of the part. 


TABLE III. PATIENTS RECEIVING BLOCKS TO RELIEVE PAIN, SWELLING AND CIRCULATORY 
CHANGES OCCURRING ON ATTEMPTED MOBILIZATION AFTER PROLONGED IMMOBILIZATION 








SEX | AGE | HISTORY AND SYMPTOMS | BLOCK | DATE | RESULTS 


F 54 Fracture both bones of forearm, Stell. Aug. 17,18, Relieved pain, motion im- 
nonunion, marked pain and 19, 20, 21, proved, circulation much 
severe spotty osteoporosis 24 improved 

30 Fracture ankle, 2 mo. immobili- Sciatic Sept. 1-9 Minimal increase in mo- 

zation, pain, swelling, osteo- tion, pain less 
porosis 

Compound fracture humerus, im- Stell. April 7, 8, Elbow and hand motion 
mobilization 6 wk., then swell- Supra 13, 14 improved, shoulder only 
ing, pain and stiffness of scap. slightly improved 
hand, elbow, shoulder 

Same as above after 1 mo. Stell. May 8,9,10, No appreciable improve- 
AWOL, partial return of Supra 14, 15, 17 ment 
symptoms seap. 

Fracture of ankle, 8 wk. in LSB April 14,16, By May 17 walked with 
plaster, unable to bear weight 17, 19, 20, cane, full weight by 
1 mo. later, pain and swelling 91,22 May 20, motion 75% 

normal 

Fracture both bones of forearm, Stell. April 20,21, Marked relief of all symp- 
in plaster 8 wk., stiffness, 22 toms 
swelling, and steady ache 

Fracture of ankle, in plaster 3 LSB April 29 Excellent relief 
mo., 2 mo. later persistent May 1 
swelling and pain 

Fracture fibula malleolus, in LSB May 20,24, Pain gone, swelling down 
plaster 6 wk., pain, swelling 25 85% 








(Table III continued on next page.) 
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SEX | AGE HISTORY AND SYMPTOMS | BLOCK | DATE RESULTS 
M 20 Fracture of metatarsal, immo- LSB Aug. 26,27, Excellent relief, able to 
bilization 5 wk., pain, swell- 29 bear full weight 
ing, stiffness, unable to bear 
weight 
Fracture metatarsal, 4 mo. after LSB Sept. 8,9,11 Complete relief 
injury had pain and swelling 
Fractured humerus, 8 mo. later Stell. Oct. 18,20, Motion improved, shoulder 
had stiffness and pain in Supra 21, 25, 27, pain not improved 
shoulder seap. 30 
Fractured metatarsal, in plaster LSB Nov. 1,2,3 -Pain and swelling gone, 
5 wk., then stiffness, pain, and able to bear full weight 
swelling, unable to bear weight 
Fracture of ankle, open reduc- LSB Nov. 6,8,10 Swelling, pain, and limp 
tion and fixation, for 6 mo. completely relieved 
after plaster removed had 
pain, limp, and severe swelling 
Fracture of medial malleolus, LSB vov. 10 Complete relief, full 
after healing had swelling, weight bearing 
pain, unable to bear weight 
Fracture, open, ring and mid Stell. .20,22 Ache gone, no increase in 
fingers, splint 3 wk., stiffness, motion, no swelling 
ache 
Fracture medial malleolus, cast LSB . 23,24, Pain gone, swelling less, 
for 8 wk., marked pain, swell- motion much improved 
ing, and stiffness 
Fracture lateral malleolus, cast LSB . 15, 16 Pain gone, swelling less, 
5 wk., pain, swelling, stiff, much better motion, can 
walks poorly walk without limp 
Fracture humerus with Rush pin, Stell. Ache relieved, patient re 
healed, pain and stiffness fused more blocks 
Open fracture tibia and fibula, LSB Swelling 90% gone, no 
open reduction and internal pain, motion easier 
fixation Oct. 6, Jan. 16 cast 
off, marked swelling on de- 
pendency, pain 
Fracture 5th metatarsal, in cast Jan. Swelling gone, pain mini 
5 wk., moderate osteoporosis, 12, mal, able to bear full 
swelling, pain, stiff, unable to weight 
bear weight 
Fracture lateral malleolus with Jan, Only transient relief, mor- 
a spread mortise, immobilized 15 tise unstable, reoper- 
8 wk., cast off Jan. 7, pain, ated and ankle bolted, 
swelling, stiff, unable to bear good result 
weight 
Fracture 3 metatarsals, immobi- LSB Jan. 25,26 Marked relief, able to bear 
lized 5 wk., swelling, pain, full weight 
unable to bear weight 
Fracture lateral malleolus, im- LSB Jan. 26 Complete relief 
mobilized 5% wk., off Jan. 10, 
persistent pain and swelling 
Fracture tibia and fibula June LSB Jan. 25,26, Marked improvement, able 
22, manipulated July 2, Rush 27 to bear full weight 
pin July 21, immobilized till 
Jan. 14, pain severe, unable 
to bear weight 
Dislocated ankle with spread . 2 Very much improved in all 
mortise, plaster Nov. 2-Jan. respects 
17, stiff, pain on walking, 
shiny, swollen 
25 Fracture 5th metatarsal, in LSB -11,12, 95% imprived, able to 
plaster 5 wk., pain, and swell- 19 bear full weight 
ing, uses crutches to walk 











Total—26 Excellent response—20 Fair response—4 No response 








TABLE LV. 


PATIENTS RECEIVING BLOCKS [IMMEDIATELY AFTER TRAUMA OR EXTENSIVE SURGERY 
IN ORDER TO PREVENT EXCESSIVE PAIN AND SWELLING AND TO PROMOTE HEALING 








SEX | AGE | 


HISTORY AND INDICATIONS 


BLOCK 


DATE 


RESULTS 





M 27 


99 


20 


20 


Arthroplast of elbow, March 9 


Tendon transplants to replace 
abduction and extension of 
thumb, March 4 

Traumatic amputation, primary 
closure, precarious blood sup- 
ply, March 9 

Primary repair of severely trau- 
matized hand, skin graft, am- 
putation of 5th and ring 
fingers, March 25 

Tendolysis of ring finger flexor, 
old amputation 5th finger, 
fascial graft used to make 
new gliding sheath, May 11 

Extensive surgery for Dupuy- 
tren’s contracture, May 26 


Shotgun wound of hand and 
wrist, primary closure of huge 
stellate through and through 
wound, no drain, June 13 

Delayed open reduction of crush 
injury of foot and ankle, 
Oct. 15 


Fusion of proximal interpha- 
langeal joints of right index 
and middle fingers, Oct. 12 

Free tendon graft to 5th finger, 
Oct. 19 

Gunshot would of hand, débride- 
ment and primary closure, 
Oct. 26 


Large tumor of the hand excised, 
extensive dissection, volar and 
dorsal incisions, Nov. 8 


Diabetic infection of great toe, 
osteomyelitis, amputation 
through M-P joint, primary 
closure, Jan. 10 

Fracture and dislocation of 
ankle, Nov. 28, blue, cold, and 
swollen 

Dislocation of ankle without 
fracture, Nov. 15 

Open reduction of extensive 
fracture of elbow, Nov. 24 

Avulsion of left ring finger, 
soft tissue only, resutured, 
circulation poor, Jan. 24 

Excision of extensive tumor of 
wrist, Feb. 15 


Fracture radial styloid, and 
naviecular with dislocation of 
proximal navicular and lunate, 
first seen 2 wk. after injury, 
proximal row carpictomy, 
Mareh 30 


Stell. 
Stell. 


Stell. 


Stell. 


LSB 
Continu- 
ous 


Stell. 


Stell. 


Stell. 


Stell. 
Continu- 
ous 


LSB 


LSB 
Stell. 
Stell. 
Continu- 


oVs 
Stell. 


Stell. 


March 9, 10, 
11, 12 
March 4, 5, 
6, 8 


March 9, 10, 
11, 12 


March 25, 


26, 27, 28 


May 13, 14, 
15, 16, 18 


June 13, 14, 
15, 36, 17 


Oct. 15-18 


13 


Nov. £ 
30 


Nov. 
ig 
Nov. 


Jan. 


27 


Feb. 
17 


16, 


March, 30, 
31 
A pril Fd 


Minimal pain and swell- 
ing, good early motion 

Excellent wound healing 
with good early motion, 
no swelling 

Excellent healing, no 
swelling, no pain 


Excellent healing, minimal 
pain, and minimal swell- 
ing 


Minimal swelling, little 
pain, good skin healing, 
excellent early motion 


Pain free, no swelling, 
excellent skin healing, 
excellent early motion 

Primary skin healing, 
little pain, no swelling, 
good early motion pos- 
sible 

No pain, no swelling, de- 
veloped joint infection 
after breakdown of pre- 
‘arious skin, eventual 
recovery 

Minimal pain and swell- 
ing, good motion of 
other fingers 

Minimal pain and swell- 
ing, good early function 

Minimal pain and swelling, 
early function, primary 
healing of precarious 
skin wound 

Little pain and swelling, 
then 1 wk. P.O. swollen, 
stiff, and painful circu- 
latory embarrassment, 
after continued block 
pain gone, swelling less, 
and good skin healing 

Little local swelling, no 
pain, primary healing, 
excellent circulation 


Circulation good, pain and 
swelling minimal 


No pain, very little 
swelling 

No swelling—pain mini- 
mal for 24 hours 

Unable to prevent gan- 
grene distal to wedding- 
ring level, amputated 

Minimal swelling and pain, 
excellent early motion, 
good healing 

Minimal pain and swell- 
ing, good finger motion 





Total — 19 


Excellent Response — 18 


No Response — | 





Total of all cases—100 
Excellent response—84 
Fair response—7 

No response—9 





FENTON, WETCHLER, AND WEYGANDT Surgery 


March, 1957 


Some of our most dramatic responses occurred in this group. After only 
one block, it was usual to note marked relief of pain and stiffness. The part 
became warm, pink, and moist; swelling decreased and weight bearing became 
possible. A partial recurrence of symptoms in 6 to 24 hours was relieved by 
a second block. Rarely more than 3 blocks were necessary. 


Blocks Given as a Precautionary Device Following Severe Trauma and/or 
Extensive Surgery.—After our experiences with blocks in patients with swelling 
following trauma and surgery mounted up, we began using blocks posttrauma 
and postoperative in an attempt to prevent rather than cope with swelling, 
pain, and stiffness. The increased blood flow to a limb following block also 
led us to use them following plastic surgery to the extremities and any sur- 
gery which might compromise the local circulation. 


After instituting the appropriate orthopedic treatment in severe trauma 
or after completing surgery in selected cases, a sympathetic block was admin- 
istered in the operating room or within 12 hours after leaving the operating 
room. This was repeated at 24-hour intervals for 3 to 5 days. Swelling was 
minimal and pain was far less than to be expected in similar cases. This was 
especially valuable in prolonged and extensive surgery to the hand and fol- 
lowing such procedures as fusions of the ankle, foot, and wrist. The entire 
convalescent course was benign and patients were carried on small doses of 
codeine or aspirin rather than Demerol or morphine sulfate. Skin healing was 
rapid and occurred per primam, even when there were precarious flaps and 
extensive trauma such as seen in shotgun wounds. Postoperative stiffness was 
less and early mobilization was possible. 


CONCLUSIONS 


The use of sympathetic nerve block in selected cases has, in our opinion, 
been very beneficial. These desired effects far outweigh any complications 
resulting from the procedure. We had no instances of pleural puncture or 
hemorrhage. An occasional Novoecain reaction occurred in the same incidence 
as following any procaine injection. When such a reaction occurred the blocks 
were discontinued, of course. 

The blocks did relieve pain, swelling, stiffness, and improved circulation 
thus enhancing the healing process, especially in the skin. The relief of pain 
and swelling occurred rapidly and could be maintained, as a rule, with only 
3 to 5 injections. 

More difficult to measure or document was the benefit realized when using 
the blocks as an aid to prevent pain and swelling. It is our opinion that after 
using this method for over 1 year and observing and evaluating the cases ecare- 
fully and comparing them to similar patients who did not receive blocks, that 
the blocks effectively prevented or minimized swelling and pain. Once again, 
the impression was obtained that healing was more rapid and local circulation 
was better. In achieving the above, it reduced appreciably the number of 
plaster of Paris bandages that had to be split. It also considerably reduced 
the need for nareoties. 
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SUMMARY 


We have presented a series of cases in which sympathetic blocks were used 
as an adjunct in the treatment of orthopedic and traumatic conditions. There 
is evidence that the use of these blocks in selected cases is of enough benefit to 
warrant more widespread investigation and use. 
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ARTERIOSCLEROTIC OCCLUSION OF THE AORTA: A CASE 
PRESENTING AN UNUSUAL LOCATION 
SAMUEL P. Harpison, M.D., Pirrspuran, Pa. 


(From the Department of Surgery, University of Pittsburgh School of Medicine) 


VINCE the pioneer work of Leriche and the recent reports of many surgeons 
2 and investigators, arteriosclerotic occlusion of the terminal portion of the 
aorta has been recognized more and more frequently. As originally described 
by Leriche, this process usually begins in an atheromatous change at or very 
close to the bifureation of the aorta and progresses to actual thrombosis which 
results finally in complete occlusion. This thrombotic process then extends 
proximally and distally and may result eventually in gangrene of the lower 
extremities or blockage of the renal vessels. The origin of the process so 
frequently at the bifureation is thought to be due to the vulnerability of this 
point to the traumatie effect of the forceful blood stream, The following ease 
is felt worthy of reporting because the occlusion did not oceur at the bifurea 
tion, was quite localized, and because the lowermost portion of the aorta and 
the common iliaes showed no abnormality whatsoever. 


CASE REPORT 


The patient (W. A. S., Presbyterian Hospital D-768) was a 38-year-old white man 
whose job was that of a metal worker in air conditioning equipment. This job required 
that he do considerable climbing and other strenuous physical work. His present illness 
began in May, 1955, when he noticed some numbness on the outer aspect of his right 
thigh after walking a considerable distance or after other exertion. The numbness would 
disappear after a period of rest. In August and September this numbness remained, and 
there was added actual pain in the hips after exertion. The pain would subside after a 
twenty- or thirty-minute rest. The sequence of symptoms then became as follows: numl 
ness, then pain in feet, then progression up to calves and thighs. The disability had 
interfered considerably with his work and he sought medical aid. Careful questioning 
in regard to his sexual function revealed no decreases. 

His past history was not significant except perhaps for an attack of “tetanus” at 
the age of 11 years from which he recovered completely. In January, 1955, he had twisted 
his back quite severely, but was able to continue working and the actual disability was 
quite short-lived. From August until his admission in March, 1956, he had been treated 
for a possible herniated dise and myelograms had been performed. No relief of symptoms 
had been obtained. The striking part of the whole story was that the pain occurred on 
exertion and completely disappeared after a period of rest. 

On physical examination the patient was a healthy-appearing man of 38 vears as 
stated. Blood pressure was 126/82 in the arms and the pulse was 80. There were ne 
significant or relevant physical signs except those having to do with the lower extremities. 
Femoral pulsations, popliteal pulsations, and pulsations in the feet were entirely absent. 
Palpation of the abdomen just below the umbilicus revealed no pulsation, but some could 
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be felt about three inches above the umbilicus. Oscillometrie readings on the lower ex- 
tremities were very low in all positions. Mid thigh, right 1%, left 2; above knee, right 1, 
left 114; leg, right 1, left 114; ankle, right 1, left 14%; foot, right trace, left trace. Blood 
pressure in the legs was not obtainable. There was a slow return of blanching in the 
toes and they were cool. 

Laboratory findings included a negative chest film with no evidence of calcification 
or tortuosity of the vessels; a satisfactory normal tracing in the electrocardiogram; sugar 
64, nonprotein nitrogen 26, cholesterol 258, red blood cells 5.41, white blood cells, 9,200, 
and a negative urine with a specific gravity of 1.022. 


-LELIAC AXIS 


SUP. MESENTERIC A. 


EPP RENAL A. 


... CALCIFIED OCCLUSION 


ANE MESENTERIC A. 


biciesancesed NORMAL SOFT 
BIFURCATION 


Fig. 1.—Diagrammatic sketch of occlusive lesion found at operation. 


Since the symptomatology and the physical signs all pointed to an occlusion of the 
aorta, it was felt that an aortogram would not contribute significantly. Therefore on 
March 14 he was operated upon under continuous spinal anesthesia. An incision was 
made from the xiphoid to the pubis in the right paramedian position and exploration of 
the abdomen was carried out. No abnormalities were found except for the aorta. After 
eviscerating the patient the posterior peritoneum was split and the aorta exposed from 
the renal vessels down to the bifurcation of the common iliaes. The common iliac vessels, 


the bifureation, and the lower aorta for 3 inches was soft, compressible, and felt entirely 


normal except for the complete absence of pulsations. The inferior mesenteric artery was 
soft and pliable and open, but again without pulsations. Beginning about 1 em. above the 
inferior mesenteric artery there was an exceedingly hard plug which totally occluded the 
aorta and measured about 2 em. in length. Above this the aorta was irregularly in- 
durated, representing calcification up to the celiac axis. Although no pulsation could 
definitely be felt in the renals, the aorta was compressible at this level and it was felt 
certain that blood was flowing. Fig. 1 shows the operative findings in diagrammatic form. 
The aorta was then freed up from just above the bifurcation to the renals and when 
this was done the inferior mesenteric artery was divided. This revealed a normal lumen 
and no evidence of thrombosis or disease. After control of the aorta proximally the 
vessel was divided transversely for about half its circumference at the lower portion of 
the plug and an endarterectomy was carried out. This resulted in a good pulsatile flow 
from above, and the thrombectomy was discontinued in order that manipulation above in 
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the area of the renals and the superior mesenteric artery might not dislodge clots and 
cause emboli to these vessels. The aorta was closed with interrupted everting mattress 
sutures and a reinforcing continuous suture of 4-0 silk. Release of the aortic clamp re- 
sulted in the restoration of all pulses down both legs. Because of the process above the 
plug and the possibility of further trouble a bilateral lumbar sympathectomy was per- 
formed. The peritoneum was replaced over the aorta and the abdomen closed. The 
patient’s postoperative course was entirely satisfactory and he left the hospital on his 
tenth postoperative day. Prior to discharge oscillometric readings in the right calf were 
8 and in the left calf 8. The dorsalis pedis and posterior tibial vessels pulsated well. 
Blood pressure in the right arm was 125/70 and in the right leg 150/95. 


DISCUSSION 

Cooley and DeBakey' have reported a case somewhat similar to this 
where the block was just below the diaphragm. DeBakey? has described a 
second case also somewhat similar. Since these are the only two such examples 
in their experience of 450 eases of aortic lesions, it was thought important to 
publish this case. Apparently it represents a very localized process, the origin 
of which is at the present time entirely unknown. It might be conjectured 
that a relatively mild coarctation existed in the area which later developed 
vegetations and resulted in thrombosis, but at operation there was no abnor- 
mality of the diameter of the vessel at this point either before or after the re- 
moval of the plug. Pathologie section of the removed thrombus showed only 
hylanized material and organized thrombus. Biopsy of the full thickness of 
the aortic wall was not obtained. At the present time we can only assume 
that an atheromatous change occurred in a susceptible portion of the vessel] 
and that it progressed to arteriosclerosis and complete block.* 


CONCLUSIONS 


A ease is presented of a relatively voung adult male who developed a com- 
plete oeelusion of the aorta above the inferior mesenteric and below the renal 
arteries. There was no evidence of abnormality at the bifureation. It is felt 
that the unusualness of the location of this block justifies this report. 
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*Recently a homograft, obtained from a 30-year-old man, was being prepared in the 
operating room prior to insertion and a single localized 1 by 0.5 cm. calcified plaque was 
found in the wall about an inch above the bifurcation. The rest of the vessel seemed normal. 
This also illustrates that perhaps a very localized process may be present with very little, if 
any, involvement elsewhere. 





ALLERGIC REACTIONS TO BLOOD TRANSFUSION: THEIR 
PREVENTION WITH INJECTABLE CHLOR-TRIMETON 


C. RowELL HorrMann, M.D. 


N injectable antihistamine added to blood prior to transfusion proved 
to be highly successful in preventing allergic transfusion reactions in 
persons with allergic disorders, some of whom had a history of an allergic 
reaction to blood transfusion. This study differed from other studies with 
the use of antihistamines for this purpose’ 1° 1% 1% 26-28, 32 in that it was limited 
to patients of this kind. Before the demonstration of the efficacy of anti- 
histamine added directly to blood for transfusion, antihistamines orally and 
parenterally had been recommended for prophylaxis, and in small groups of 
patients it was found to reduce the ineidence of allergic reactions to blood 
transfusion.® 1% 1% % ** Sometimes oral antihistamines were administered for 
several days prior to a transfusion in order to protect the patient. 
Among previous measures for avoiding allergic reactions’®-?* 2* %6 38: 42 were 
the use of fasted donors,'* 1% *© °° now followed by the majority of blood banks 


and donor centers, and the exclusion of donors with a history of allergy.'® *° 
Refrigerator storage of blood for transfusion prior to use usually has not 
avoided reactions. Skin testing of plasma before administration has yet to 
come into common use.” *° Sometimes, desensitization has occurred upon 
repeated transfusion.”* 


Allergie reactions to blood transfusion are not an infrequent occur- 
rence.*-® 17 18, 22, 24, 28, 41 Maunsell** reports that persons with allergic disorders 
are approximately four times more likely to be sensitive to pooled plasma than 
nonallergie recipients. Table I shows that allergic posttransfusion reactions 
occur in 1 to 3 per cent of persons receiving blood.** 


TABLE I 








AUTHOR NUMBER OF NUMBER OF PER CENT 
(REFERENCE NUMBER ) TRANSFUSIONS ATOPIC REACTIONS REACTIONS 
10 742 20 
13 308 11* 
28 350 11 
7 1,604 24 
9 2.968 10 
24 10,000 102 
29 400 5 
18 5,969 82 
18 1,045 14 
29 6,794 


*Includes pyrogenic reactions. 
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Among the possible causes of allergic transfusion reactions are the passive 
transfer of sensitivity from an allergie donor to a normal recipient,*? the 
similar transfer of ‘‘IL substance,’’*' the receipt from a donor’s blood of a 
specific allergen (often food) by a patient with a matching hypersensi- 
tivity,*) °° 4° sensitization to the blood of a specific donor (anaphylactoid re- 
action) ,*° and factors for which typing is not routinely done (M and N sensi- 
tivity).* Allergie reactions may also result from protein incompatibilities,’» °° 
the liberation of histamine into tissues during shock caused by the transfusion 
of incompatible blood,’ and speed shoek.*! Munoz Baratta®® drew attention 
to the similarity between symptoms produced by the injection of histamine 
and those seen in posttransfusion reactions. 

Allergic manifestations most likely to appear after blood transfusion, in 
order of decreasing frequency but of increasing severity, are urticaria,*’ ** * 
angioedema,” respiratory difficulty due to asthma or edema of the glottis or 
larynx,* 7° headache,”! epigastri¢ distress,?! loss of sphineter control,?' and se- 
vere or fatal anaphylactic shock.*” 

EVALUATION OF PREVENTIVE AGENTS 

It would be ideal if an agent could be evaluated by injecting it with a 
second portion of blood that had caused a reaction. This, however, would be 
impractical and the results equivocal because some patients might become de- 
sensitized after the first transfusion.** Administering an agent to alternate 
patients and comparing series of patients with and without the use of the 


agent require large numbers of patients in order for the results to be sig- 


nificant. Persons with allergies or a previous reaction have to be exeluded 
or reported separately. 

‘or these reasons, a study was performed in persons with allergic dis- 
orders, some of whom had a history of an allergic reaction to blood trans- 
fusion using an antihistamine mixed with the blood for transfusion. Patients 
of this type have a greater likelihood of reaction than patients selected at 
random.?* They also served as their own controls. The use of the antihis- 
tamine in these patients provided a stringent test of its protective value. 


CHOICE OF ANTIHISTAMINE 


On a milligram basis, Chlor-Trimeton maleate (chlor-pheniramine maleate) 
is one of the most potent antihistamines.” '* *’ It evokes a low incidence of side 
actions upon both oral and parenteral administration.® * 14 °° *4 The stable 
solution of this antihistamine containing 100 mg. per cubie centimeter* was 
thought likely to be ideal to protect against reactions following the infusion 
of a unit of blood. 

In other studies,'* 1 2*-?8 Chlor-Trimeton injection mixed with blood de- 
creased the frequency and severity of allergic reactions and caused onl) 

*Chlor-Trimeton injection 100 mg. per cubic centimeter was furnished by Dr. George Bab 


cock, Jr., Schering Corporation, Bloomfield, N. J. A _ special sterile 1 ¢.c. ampul containing 
10 mg. Chlor-Trimeton is now available for use specifically with blood for transfusion. 
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minimal side actions. These groups included patients with a history of allergy 
or an allergic reaction to a transfusion.2® 7° but none of the studies was limited 
to known reactors and persons with allergic disorders. 


CLINICAL STUDY 


Forty-six patients were selected from among hospital patients receiving 
three or more transfusions because of massive hemorrhage from a peptic ulcer 
or incidental to partial resection. Clinical evidence showed recurring urticaria 
in 25, angioedema in 10, bronchial asthma in 5, eczema in 1, and hay fever in 5. 
Seventeen had previously had a reaction of allergic tvpe to one or more trans- 
fusions of blood. 

Two hundred seventeen transfusions were administered. The 17 known 
reactors received 74 transfusions. Twenty milligrams Chlor-Trimeton in solu- 
tion were added just before transfusion to the first pint of blood given to 
each patient and to alternate pints thereafter. The usual procedure was used 
for transfusion. Moderate drowsiness in some instances constituted the only 
side effects encountered with this dose of antihistamine. 

One hundred eight pints of blood administered contained Chlor-Trimeton 
while 109 pints had no added antihistamine. No atopie reactions occurred 
among the 46 patients when they received blood protected with Chlor-Trimeton 
whereas 13 reactions of allergic type occurred among these patients receiving 
blood with no added antihistamine. The reaction rate of 12 per cent in the 
latter instance appeared significant in view of the absence of reactions in the 
protected group. The results are summarized in Tables IT and III. 


TABLE II. DISTRIBUTION OF TRANSFUSIONS 











NUMBER OF 
NUMBER OF ALLERGIC PATIENTS TRANSFUSIONS 








17 known reactors 74 
29 other allergic patients 143 
46 total 217 





TABLE IIT. RESULTS OF TRANSFUSION WITH AND WITHOUT ANTIHISTAMINE 











NUMBER OF 
NUMBER OF TRANSFUSIONS REACTIONS 


108 with Chlor-Trimeton a 0 
109 without Chlor-Trimeton 13 (12 per cent) 


217 total 

















COMMENT 


Procedures and precautions exist capable of reducing the incidence of 
allergie reaetiones to blood transfusion. Some are currently in use and others 
are not. Precautions against these reactions may be exereised at three stages 
in the process of collecting and administering blood, as follows: 


The blood bank or donor center ean assist by taking blood only from 
fasted donors in order to avoid the introduction of substances from food in- 
gested by the donor to which the recipient may be sensitive. It also can ex- 
clude donors with a history of allergy. 
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The clinical laboratory can skin test the recipient to the blood serum at 
the time cross matching is done and exclude blood giving a positive reaction. 
If no other blood is available, blood giving a reaction can have antihistamine 
added before being transfused. 

The clinician ean routinely add antihistamine to blood for transfusion and 
make certain that this is done for patients with a history of allergy or of an 
allergic reaction to blood transfusion. 


SUMMARY 


The causes, incidence, and prevention of allergic reactions to blood trans- 
fusion are summarized. Chlor-Trimeton injection mixed with blood for trans- 
fusion significantly reduces the incidence of allergic posttransfusion reactions. 
No reactions occurred in 46 allergic patients, 17 of whom had a history of an 
allergic reaction to blood transfusion, when they received 108 pints of blood 
with 20 mg. Chlor-Trimeton injection added. The reaction rate in the same 
patients receiving 109 pints of blood with no added antihistamine was 12 per 
eent. Moderate drowsiness in a few patients constituted the only side aétion 
to Chlor-Trimeton. 
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A METHOD OF STABILIZING THE ENDS OF THE CARTILAGES 
IN THE ABDOMINOTHORACIC INCISION 


JOSEPH Estrin, M.D., BROOKLYN, N. Y. 


(From the Surgical Service of the Maimonides Hospital and the Department of Surge: yg, 
State University of New York College of Medicine at New York City) 
REVIOUS attempts to stabilize the cut ends of the costal cartilages in the 
abdominothoracic incision have been unsatisfactory. The method to be 
deseribed has been employed in five patients and has resulted in stability of 
the costal eartilage. 

The cartilage is cut with a carpenter’s ‘‘corrugated fastener,’’* which 
produces a serrated edge. The ends of the cartilage can be locked to- 
gether at the end of the operation and secured by the use of several well- 
placed sutures. (Figs. 1-4.) Size 0 chromic sutures were used in three cases 
done three years ago. Size 0 Surgaloy sutures were used in the last two cases 
done three and two months ago. There have been no untoward results from 
these sutures to date. 

Recently this instrument was successfully employed to transect the soft 
sternum of a child in the anterior approach to the heart. 


* 


Fig. 1.—Instrument to hold the corrugated fasteners.* 


Received for publication May 8, 1956. 
*Instrument to hold the corrugated fastener is manufactured by Sklar Manufacturing Co.. 
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Fig. 4.—Near-and-far suture of the cut cartilage illustrating the locking mechanism. 











A SINGLE TRANSVERSE INCISION FOR RADICAL NECK 
DISSECTION 


JosEPH N. Attic, M.D., Brooktyn, N. Y. 


(From the Maimonides and Long Island Jewish Hospitals, State University of New York 
College of Medicine) 


penta neck dissection has become an integral part of the treatment of 
tumors of the head and neck which metastasize to the cervical lymph 
nodes. The operation is performed either as part of a combined procedure 
(resection of the primary lesion and the draining lymphatic areas in con- 
tinuity) or as a separate procedure after adequate control of the primary 
lesion. 

lirst advocated by Crile,? the operation of neck dissection has gradually 
become standardized, mainly due to the efforts of Martin and associates.’ 
There have been an increasing number of reports of good results following 
radical neck dissection for metastatic cancer in cervical lymph nodes and the 
operative mortality has been reduced to a negligible figure due to progress 
in anesthesia, blood transfusions, and the use of antibiotics. In spite of these 
advances, there has been a marked reluctance on the part of some to accept 
an operation which is often described by them as ‘‘mutilating’’ or ‘‘deform- 
ing.’’ Hesitaney in recommending neck dissection for young women has been 
expressed because of the poor cosmetic results obtained in the past. 

Numerous incisions have been utilized in the performance of radical neck 
dissection. Several of these are shown in Fig. 1. A combination of transverse 
and longitudinal components was favored by Semken."? Brown and Me- 
Dowell? converted the Kocher incision into a ‘‘T’’ shape. The double ‘‘Y”’ 
incision, extensively used by Martin,’ is the most widely used incision. Eckert 
and Byars‘ continue a thyroid collar incision laterally to the trapezius border 
and thence upward to the mastoid process. 

Many different incisions were used during the latter half of the last cen- 
tury in the performance of thyroid surgery. These included vertical midline 
incision, oblique ones anterior to the sternomastoid muscle, ‘‘U’’-shaped, ‘‘T’’- 
shaped, and ‘‘Y’’-shaped incisions, and so forth (Hegner®). Following a re- 
port by Bockel,’ the transverse incision was popularized by Kocher. In order 
to obtain the necessary vertical extent of exposure, the skin flaps were freely 
mobilized up to the thyroid notch and down to the sternum. 

The cosmetic advantages of transverse cervical incisions are evident. 
The natural skin folds in the neck run transversely and healing of wounds 
made in these folds is rapid and firm. Aside from cosmetic considerations, 
however, longitudinal incisions in the neck possess other disadvantages. There 


ce 
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is a higher incidence of keloid formation in sears that traverse natural wrinkle 
lines. The tendency to contract along their long axes tends to cause more 
deformity and limitation of motion in vertical scars. When multiple incisions 
in various directions are made in the performance of neck operations, some of 
the resultant flaps may not retain an adequate blood supply to all parts of the 
flap, with increased danger of necrosis of the tips of the flaps. 

The thickness of skin flaps is of some importance in the maintenance of 
an adequate blood supply, especially if the skin is undermined widely. A 
certain amount of fat must be left on the skin flap for proper nourishment, as 
in other parts of the body. In radical neck dissections the extensive flaps 
required will have a better chance of survival if the platysma muscle is left 
attached to the flap. As pointed out by Martin,’ if the superficial lymphatics 
are invaded by metastatic disease, such cases are rarely curable even when the 
skin is resected widely. 


1.—Incisions used for radical neck dissection. A, Semken incision. B, Brown and 


Fig. 
McDowell’s incision. C, Double “Y’ incision used by Martin. JD, Incision used by Eckert and 
Byars. EH, Single transverse incision described herein. 


In recent years, transverse incisions have been introduced for several 
types of neck operations previously done through vertical or oblique ones. 
Ogura* used a single ‘‘U’’-shaped incision in the performance of laryngee- 
tomy and neek dissection. The main portion was a long transverse incision 
in the lower neck which was carried up to each mastoid process laterally. 
Perzik® deseribed a transverse incision for resection of a pharyngoesophageal 
diverticulum. A transverse incision for partial and total laryngectomy has 
also given excellent exposure with a greatly improved cosmetic result. Mac- 
Fee® utilized two parallel transverse incisions for radical neck dissection. 
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It was evident that adequate exposure for the performance of a radical 
neck dissection could be afforded by a single transverse cervical incision if 
the incision was made long enough. The operation herein described was per- 
formed upon ten patients. The ease of performance, the excellent exposure, 
and the improved cosmetic appearance have been most gratifying and en- 
courage the use of this approach. 


Fig. 3. 
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Fig. 4. 


_ , Fig. 3.—Thyroidectomy and radical neck dissection performed through a single transverse 
incision for papillary carcinoma. Appearance of incision 7 days postoperatively. 


Fig. 4.—Same patient as Fig. 3, 6 months later. 


OPERATIVE TECHNIQUE 


The incision is begun as for thyroidectomy, transversely about 2 em. 
above the sternum and is continued laterally along the natural skin folds to 
a point 3 to 4 em. beyond the anterior border of the trapezius muscle. The 
incision is carried through the platysma muscle, and the skin flaps are then 
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developed leaving the platysma attached to the skin. The upper flap is con- 
tinued up to the mastoid process, the lower pole of the parotid gland, and the 
lower border of the mandible up to the chin. The lower flap is developed down 
to the elaviele. Posteriorly the flap is developed to the trapezius border, and 
medially to the midline of the neck. In dissecting the upper flap, the man- 
dibular branch of the facial nerve is identified as it courses transversely at or 
usually just below the angle of the mandible and is preserved. Excellent ex- 
posure can be maintained by suturing the deeper aspects of the flaps to the 










drapes (Fig. 2). 

The operation is then performed in the usual manner. The contents of 
the posterior and submaxillary triangles are removed en bloe with the sterno- 
mastoid muscle and internal jugular vein. The spinal accessory nerve is rou- 
tinely sacrificed. The appearance of the dissection at this point is shown in 
ig. 2, B. The skin flaps are returned to their original position. 

A small stab wound is made laterally in the lower skin flap just above 
the elavicle and a No. 18 Fr. multi-eyed whistle-tipped catheter is inserted 
and placed high in the wound beneath the angle of the jaw. The platysma is 
approximated with interrupted fine sutures and the skin is closed with fine silk 
sutures. A gentle compression dressing is applied and the catheter is at- 
tached to a suction machine for continuous suction, as first advoeated by 
Raffl’® in breast eases. After 48 to 72 hours the flaps become adherent and 
the suction is discontinued. On the seventh postoperative day healing is 
satisfactory and the sutures are removed, as shown in Fig. 3. The same pa- 
tient as she appeared six months later is seen in Fig. 4. 
















SUMMARY 





In ten patients a complete neck dissection was performed through a single 
transverse incision low in the neck with excellent exposure and improved 






cosmetie appearance. 
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SPARE PARTS: A REVIEW WITH A FORWARD LOOK 


JOSEPH W. FEerREBEE, M.D., AND JoHN P. Merritu, M.D.,* Boston, Mass. 


(From the Division of Laboratories and Research, the Children’s Medical Center and the 
Children’s Cancer Research Foundation, the Department of Medicine, Harvard 
Medical School, and Peter Bent Brigham Hospital) 


HE purpose of this review is to bring forward briefly the basic immunology 

of the spare part or homograftt field and to deseribe a suggestion for cir- 
cumventing or managing this immunology in such way as to produce practical 
suecess in homografting in man. The need for spare parts in medicine is per- 
feetly obvious. Too often for lack of acceptable replacement of a vital organ 
the patient’s life is lost. Outstanding and well-appreciated examples of this 
situation are the need for skin in the treatment of burns, for bone marrow in 
the treatment of radiation damage, and for kidney in the treatment of renal 
insufficiency. The supply of these and other spares or replacements is within 
feasible limits. Such material as is needed may be obtained from fetuses, from 
premature infants that fail to survive, and from stillborns. Cases of aecidental 
deaths and in many instances deaths due to so-called natural eauses provide 
sources for adult material. Storage or banking for ready use is known to be 
practical for bone marrow' and skin,® and advances in means for maintenance 
of viability of other tissues at low temperature®* suggest that a general solution 
of the problem of low temperature storage of organs may be fortheoming. The 
technical procedures for placement of the grafts present no unusual difficulties 
and the homograft field, indeed in a sense, comes up hard against its one 
basie barrier, the immunologic reaction of the host.’ 

It may now be appropriate to discuss briefly the essential elements of this 
reaction and to bring forward a suggestion for their circumvention or manage- 
ment. No notice will be taken of the well-established and considerable useful- 
ness of such spare parts as blood, bone, cartilage, blood vessels, corneas, fascia, 
and skin where employed as mechanical supports or temporary physiologic aids 
to tide over an emergency. Except in single ovum twins where cross homo- 
grafts of tissue sueceed naturally and grow indefinitely beeause of identity of 

Received for publication Oct. 11, 1956. 
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TA homograft is defined as a tissue grafted from one individual to another of the same 
species. 
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genotype (hereditary chromosomal constitution), these replacements are pros- 
theses in the strict sense, useful as struts on which the host may build, but they 
do not incorporate and grow themselves. Accounts of their usefulness and limi- 
tations are given in the reports of several conferences.?* 7* °° 


With regard to homografts it has become apparent that the antigens in the 
cells of the graft and perhaps primarily in their nuclei® are too complex or too 
multitudinous, probably because of their direct chromosomal dependence,”* to 
permit successful grouping of donor and host of the kind that has succeeded 
in the case of cytoplasmic antigens of the usual blood group types.*’ On the 
other hand the immune response evoked by these cellular antigens* is perfectly 
typical of immune responses in general in that it is potentiated and accelerated 
by repeated grafting or by repeated injections of donor tissue. It is peculiar 
in that it appears to lack a humoral element and in this respect falls into the 
category of ‘‘fixed tissue’’ reactions similar in some ways to the familiar tuber- 
culin reaction. It may differ, however, from this in that while homograft im- 
munity is transferred passively by injection of the formed elements of peritoneal 
exudates it has not been transferred by the injection of the usual formed ele- 
ments of blood except when massive amounts are used in eross cireulation ex- 
periments.°® 

The slough reaction in the graft itself is mediated through the necrotizing, 
digestive, and phagocytie activity of the leukocytes of the sensitized host. The 
manner of this is occult. These elements settle in the graft and produce a 
slough on about the twentieth day in the case of a primary reaction in a normal 
individual receiving his first graft, and at a later date in a sick patient with a 
relatively unresponsive immune system, or in one whose immune responses 
have been decreased by roentgen or steroid therapy. The reaction occurs at a 
progressively earlier date in individuals actively immunized by repeated grafts 
from the same but not from different donors or in those actively immunized 
by priming injections of donor cells including in effective category blood leuko- 
eytes. Sloughing of the graft also occurs promptly in hosts passively immunized 
by injection of the formed elements of sterile peritoneal exudations. These above 
comments refer chiefly to experiments done in rodents in which a consensus 
after a number of years of experimentation seems quite well founded,‘ but they 
have their parallelisms in man.?* 2* *° 


The problem of homograft survival therefore is immunologie, difficult per- 
haps but not beyond solution. Chimeras,* animals with cells of different geno- 
type reproducing and living peaceably in a single individual, occur spontane- 
ously in nature. Owen has described their appearance in freemartin cattle,?! ** *° 
and they occur also in man.* Usually their occurrence is in consequence of 
peculiarities or accidents of fetal circulation that permit exchange of cells of 
different genotypes between twin fetuses of separate ovum origin or between 
mother and fetus at a stage when the fetal immune reaction is immature. Ree- 
ognition of a stage at which fetal immune reaction is immature and ductile 


*A chimera is defined in classic Grecian mythology as having the head of a lion, bod) 
of a goat, and tail of a serpent—a little more mixture than that critically needed at present 
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is an important point. It forms the basis of a new and very important prin- 
ciple in immunology, namely, that of actively acquired tolerance.” *?° At a 
stage of fetal immaturity which is different in different species and unknown in 
man, a situation exists wherein the reticuloendothelial system is able to set down 
and mark as henceforth tolerable, molecular differences which otherwise at a 
later date would be interpreted as antigens. In this sense the ductility of the 
immature immune mechanism permits active acquisition of tolerance to mole- 
eular configurations which normally would be considered foes and foreigners 
to be rejected. 

The fact that natural chimeras oceur is evidence then that there is no in- 
herent biologie block to their production or to homograft survival which is in 
essence the production of a chimera. The generalities of production at the 
fetal stage are known,* ** *° and they may be produced in the adult as well. 
A few living cells injected into a fetus before its reticuloendothelial pattern of 
antigen recognition is established,” ° and the host is marked to receive and tol- 
erate subsequent homografts from the same donor. In practical application in 
the adult the usual active immune response to antigen recognition may be en- 
feebled or paralyzed by radiation damage’® ** or by chemotherapy.'* Under 
these circumstances before recovery of the reticuloendothelial system occurs, 
homografts are tolerated,'* presumably in much the same fashion as by the 
immature and ductile system of the fetus. Donor bone marrow surviving in 
the irradiated host is itself an example of such homograft toleranee.’?° Its 
survival may be related to the important coincident establishment of a pattern 
of tolerance for other tissues from the same donor.’* This, then, is a practical 
application of the principle of actively acquired tolerance; that is, the introduc- 
tion into the host of cells from the prospective donor at a time when the immune 
mechanism of the host is reduced by radiation or other means to a fetal-like 
stage of acceptance so that at a later date cells or tissues from the same donor 
may be used purposefully as homografts. 

Now, obviously, the procedure for grafts in mature animals where nitrogen 
mustard or radiation may be required as a preliminary is a tour de force as at 
present understood. The important thing, however, is that homografts have 
been made to sueceed.'® ** Subtleties of control, refinements, and safeties will 
come with extended achievement. The problem at the moment is to select a 
group of individuals receiving radiation or chemotherapy in whom customary 
procedures are not wholly successful and in whom the prognosis is desperate. 
In this group there is little to be lost and much to be gained. In leukemia, 
for example, at some stages it is apparent that radiation and chemotherapy, 
the most useful forms of therapy, are limited because of their deleterious effect 
upon the normal bone marrow and reticuloendothelial system. It is a pertinent 
question why under these circumstances infusions of bone marrow are not ad- 
ministered in an effort to extend the period of treatment of the neoplasm. It 
is known that lethal doses of radiation may be given to animals and that their 
survival may be secured by a simple subsequent infusion of bone marrow cells." 
If, as seems likely, the reaction to radiation in leukemic patients is influenced as 
iavorably by the infusion of normal bone marrow cells, encouragement would 
he given for extending and inereasing the period of radiation with the idea of 
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burning out more of the leukemic cells and replacing them repeatedly with 
more normal cells somewhat as in exchange transfusions. <A similar rationale 
may apply to chemotherapy." 

The experiments in animals including leukemie animals,'? upon which the 
above contentions are based, have been performed by the administration of a 
lethal dose of radiation followed by a single protective infusion of around 
100,000 bone marrow eells. In man, and particularly in leukemic patients, it 
should be quite unnecessary to begin with this type of approach. It would be 
in better precedent to give a small infusion of bone marrow cells to a leukemic 
patient in extremis, or to a leukemic patient who began to bleed after the ad- 
ministration of the usual therapeutic amount of radiation, or to one who is 
bleeding after the usual administrations of chemotherapeutic agents. As con- 
fidence is gained in the therapeutic usefulness of infusion of bone marrow the 
amount of radiation may be inereased and the frequency and size of infusions 
adjusted accordingly. Investigation of this type should produce an important 
dividend in the establishment of ways and means for treating acute radiation 
damage in man when it oceurs accidentally in the course of industry or not so 
accidentally in the ease of bomb explosions, and it is fair to state that a basis 
for these studies in man has been laid in animal experimentation which in a 
sense can go no further. The peculiar requirements of the human species must 
be evaluated within the species. 

In the course of carrying out the studies and treatments above outlined, 
as occurs in animals, it may become apparent that a certain number of individ- 
uals have benefited by bone marrow infusion and have modified their immuno- 
logic response.'* It is pertinent to inquire to what degree these individuals be- 
come susceptible to homografting. This can be tested safely and conveniently by 
their reaction to small skin grafts using frozen, dried preparations of skin from 
the donor fetuses used in obtaining the bone marrow. If test homografts of 
skin sueceed as they do in animals under these circumstances, the feasibility of 
kidney, heart, lung, and other organ homografts may then be assayed. There 
is evidence that they may succeed very well.?* Successful homotransplantation 
of the kidney has been accomplished in three sets of identical twins.'* *” 
Furthermore, the dividends from successful renal homotransplantation appear 
to extend beyond the successful therapy of renal failure into that of the malig- 
nant hypertension complicating this syndrome. Management of the usual im- 
munologie barrier to homograft survival, along the lines shown to be successful 
in lower animals, should permit extension of these special encouraging results 
to problems of human tissue homografting in general. 


SUMMARY 


A brief review has been given of the immunology of the homograft reaction. 
A method for its cireumvention or management in man has been outlined based 
upon known facts derived from animal experimentation. It is suggested that 
these facts deserve general clinical application in present management of the 
interrelated problems of radiation effect, radiation disaster, and homotransplant 
survival. 
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Superradical Surgery—Time for Re-evaluation 


The fact that surgery has been surrounded by so many safeguards makes 
possible the removal of inereasing amounts of the human anatomy, with 
preservation of life. Without question, so long as surgery is the most effective 
means of attempting to cope with the cancer problem, these newer innovations 
should be used to the utmost, compatible with good surgical judgment, for 
such efforts have been rewarding. It would seem, however, that the time 
has arrived for a more critical evaluation of the indications for superradical 
surgery, since it appears, in certain quarters at least, that this method of 
therapy has been used with too much enthusiasm when the extent of lasting 
comfort to the patient is given mature consideration. 

In our zeal to preserve life we must not forget that death is preferable to 
an existence in which the individual is deprived of so many of his physiologic 
functions that he is a burden to himself as well as those about him. Individuals 
beset with malignancy of alarming proportions frequently lose contact with 
reality and the members of their immediate family may be similarly affected. 
Under such circumstances any form of therapy which gives promise of relief 
is eagerly embraced. At this point the philosophy underlying the advisability 
of recommending superradical surgery, in my opinion, at least is in need of 
serious and sound re-evaluation, 

It would seem that we, as surgeons, have a responsibility to our patients 
quite beyond the point of preservation of life. We should not merely try to 
preserve an individual that breathes and has a heartbeat, which demonstrates 
our technical skill but in the long run serves little to commend our efforts to 
the patient or those about him. We must realize that we have a responsibility 
to the patient’s family to prevent insofar as possible the depletion of their 
financial security by advising procedures that experience has now demon- 
strated to be unrewarding. No doubt many deserving individuals have been 
deprived of the comforts, even the necessities of life or of an education, because 
funds have been exhausted in an attempt successful or otherwise to prolong 
a life in an unrealistic manner. 

Membership in our profession carries incomparable responsibility, and we 
should not allow our judgment to be warped by the not too frequent very 
gratifying results following superradical surgery and forget our not too in- 
frequent unsuccessful results when this method of therapy is used. 

—J. E. Strode. 
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Subarachnoid Hemorrhage and Intracranial Aneurysms Medical or Surgical? 


In recent years neurologists and neurosurgeons have become increasingly 
aware of spontaneous bleeding into the cerebral subarachnoid space. But 
with the ready recognition of the clinical entity, there has developed a sharp 
difference of opinion regarding the proper treatment for this form of apoplexy. 

Stimulated by the early reports of Dandy, neurosurgeons have devised 
many means of attacking intracranial aneurysms and angiomas, which appear 
to be the common cause of subarachnoid bleeding. Carotid ligation, intra- 
eranial clipping or trapping of the aneurysm, or excision of the angioma with 
the aid of hypotension and/or hypothermia are claimed to offer hope of 
decreasing the mortality in these conditions. But, in the critical evaluation 
of some neurologists, these surgical procedures are not considered superior 
to the current conservative treatment of subarachnoid hemorrhage. 

Even to a casual reader glancing through the titles of papers on this sub- 
ject, the divergent viewpoints must be obvious, for the neurologist refers to 
subarachnoid hemorrhage and the neurosurgeon writes about aneurysms. In 
a recent list of almost 50 references, with one exception the specialty of the 
writer could be recognized by his use of these titular designations. That these 
two terms may be equated might well be debated. Those holding that the two 
are synonymous point out that at autopsy ruptured aneurysms may be found 
in as high as 93.6 per cent of patients suecumbing to subarachnoid bleeding 
and state that ‘‘it seems reasonable to assume that in the unproved cases (the 
ones recovering) the percentage due to aneurysm would parallel that of the 
proved eases.’’ But the contrary-minded are impressed by the fact that aneu- 
rysms can be demonstrated by angiography in only 50 to 60 per cent of cases 
of subarachnoid hemorrhage and that the eventual mortality of patients sur- 
viving more than a week after a rupture of a proved aneurysm is two to three 
times that of the patients having subarachnoid hemorrhage of unknown etiol- 
ogy. May it not be, then, that the population treated by the neurosurgeon is 
not identical or even comparable to that seeking the aid of the neurologist? 

This difference in population may be related to the various pathologic 
conditions associated with subarachnoid bleeding or to the location of the 
pathologie process. Only in very recent times has the etiology of subarach- 
noid hemorrhage been ascribed almost exclusively to aneurysms or angiomas. 
Many other conditions—arteriosclerosis, arterial hypertension, infectious dis- 
eases, blood dyserasias, embolism, primary necrosis of vessels, syphilis, and 
unknown factors—have been reported to be related to subarachnoid bleeding. 
Such conditions would give no angiographic evidence of their presence and 
might have an entirely different biologic course to that of aneurysms. 

A second plausible explanation for the differences in primary neurologic 
and neurosurgiec populations might be the site of the pathologie process. 
Aneurysms upon or adjacent to the circle of Willis are usually easily recog- 
nized clinically or upon angiographie studies. Hence they are referred for 
surgical consideration. But patients having bleeding without clinical or 
«ngiographie localization tend to be retained by the neurologists. In such 
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eases in which aneurysms are not demonstrable the lesion may be in peripheral 
arborizations of the vaseular tree. Minute aneurysms in such parts would 
be difficult to visualize in dye studies, but probably, due to local spasm com- 
pletely occluding the vessel, would have an excellent chance to heal without 
apparent neurologic deficit. Such small peripheral aneurysms with a good 
prognosis naturally would rarely, if ever, enter the neurosurgeon’s operative 
population. 

Still another factor tending to produce askew representation is the fact 
that ruptures of aneurysms at the various sites of predilection along the cirele 
of Willis earry quite different risks to life and limb. Hence the results of 
treatment of supraclinoid carotid aneurysms could not be weighed justifiably 
against those of therapy in a group of anterior communicating artery ancu- 
rysms, which are basically much more lethal. The time has come when aneu- 
rysms should be discussed not generally but relative to precise location and to 
type. 

But extrinsic factors may operate to bias the populations. It is now well 
recognized that the most crucial period is the first 24 hours after the rupture, 
in which period more than half of those destined to succumb will die. If by 
any means the mortality of this day can be eliminated, the results will appear 
good. Beeause of administrative arrangements in many hospitals, acute apo- 
plexies are admitted to the medical neurologie service and seen by the neuro- 
surgeon at the discretion of the neurologist. Rarely, then, will the neuro- 
surgeon see the patient until the erucial first 24-hour period has elapsed. In 
such circumstances, the moribund patients being eliminated, the surgical popu- 
lation will of necessity appear to be healthier than the medical. On the other 
hand, the reverse may occur if the neurosurgeon is not consulted until the 
patient ‘‘does not seem to be doing as well as he might.’’ It is then obvious 
that the time after the bleeding at which the patient enters the medical or 
surgical population is of extreme importance for the over-all prognosis. 

In general, the systemic conditions, like arterial hypertension, which 
greatly influence mortality rates, will not bias the medical and surgical popu- 
lations since they tend to be relatively evenly distributed. The neurologic 
complications, coma, convulsions, hemiplegia, which are of unfavorable omen, 
do adversely prejudice the population, usually the surgical, for such cases are 
recognized as not responding favorably to medical therapy. 

The indications and contraindications for surgical diagnostic and thera- 
peutic procedures to control a bleeding aneurysm and to prevent future 
hemorrhages have to date not been clearly defined. The proper time to per- 
form these measures has been considered by some as soon as possible in order 
to save the great number who die in the first 24 hours and by others after a 
week or two in order to avoid a relatively high mortality and morbidity rate 
due to local vascular spasm and cerebral anoxia which is present in the first 
few days after rupture of an aneurysm. The appropriate surgical procedure 
ligation of the carotid artery in the neck or some form of direet intracranial 
attack on the aneurysm—has not been established. Each surgeon has his own 
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opinion predicated by his experience and courage. Even the preferable 
anesthetic state remains to be determined, although some form of hypotension 
and/or hypothermia seem desirable. These uncertainties have led some 
neurologists to assert that the daring and ingenious operative approaches to 
the problem are surgical heroics, but no more effective in the end than medical 
management—relief of arterial hypertension, attention to the vital processes, 
and bed rest for some weeks. 

A brief survey of the literature on the subject of subarachnoid hemorrhage 
and aneurysms will convince anyone that most of the data now available is so 
incomplete and biased that it only compounds the confusion of an already 
complex issue. The time has come when the subarachnoid apoplexies must 
be discussed relative to the site and type of lesion, to the time after bleeding 
when seen and treated, to the concomitant general and neurologie status, and 
to the type of diagnostic and therapeutic procedures used. Both neurologists 
and neurosurgeons are beginning to realize the many factors which must be 
controlled in order to evaluate scientifically the relative merits of medical and 
surgical therapy of subarachnoid bleeding and intracranial aneurysms so that 
in the not too distant future the controversy over the treatment of subarachnoid 
hemorrhage may be resolved. 

—A. Earl Walker. 





ANNOUNCEMENTS 


CLINICAL FELLOWSHIPS OF THE AMERICAN CANCER SOCIETY 











The American Cancer Society announces that its program of Clinical Fellowships will 
continue through the institutional year July 1, 1958—June 30, 1959 with Fellowships com- 
mencing July 1, 1958. 

A limited number of Fellowships are offered to institutions whose postgraduate train- 
ing programs are approved by the Council on Medical Education and Hospitals of the 
American Medical Association. These Fellowships offer graduates in medicine opportuni- 
ties for postgraduate training, emphasizing diagnosis and treatment of cancer. 

Applications from institutions for the year 1958-59 must be submitted by Deans, 
Executive Officers, or Department Heads prior to April 15, 1958. Note change in deadline 
from that of previous years.” 


CLINICAL FELLOWSHIPS IN RADIATION THERAPY OF THE AMERICAN CANCER SOCIETY 












The American Cancer Society announces that a limited number of Fellowships in 
Radiation Therapy are offered in 1958-59 to properly qualified graduates in medicine 
who have already received thorough basic training in the principles and practice of radia- 
tion therapy and who would desire to spend additional periods of training in that specialty 
at certain clinics in the United Kingdom, the Scandinavian countries, and France. Fellow- 
ships may begin at any time mutually agreeable to the institution and the fellow. 


The deadline for receipt of applications is April 15, 1958.* 


*Further information concerning announcements may be obtained from: Director of 


+. ae Education, American Cancer Society, Inc., 521 West 57th Street, New York 
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ILEUS AS A CAUSE OF VOLVULUS OF THE SIGMOID 
(REVIEW oF RESULTS OF MANAGEMENT ) 


Seymour W. SuHapiro, M.D.,* Des Mornss, Iowa, AND Epwarp E. Mason, M.D., 
Pu.D.,** Iowa City, Iowa 


(From the Medical School of the State University of Iowa and University Hospitals) 


INTRODUCTION 


pasa to understand the pathophysiology of volvulus of the sigmoid 
colon has encouraged surgeons to view the disease as it is in its end stages, 
a closed-loop mechanical bowel obstruction. The concept that inhibition ileus 
(or oceasionally spastic ileus) is the. underlying cause of volvulus of the 
sigmoid has not been explored. If the typical patient with sigmoid volvulus 
is envisioned, he is seen to be an elderly, poorly nourished, inactive man whose 
colon has become atonie with advancing age and chronic constipation. If 
adynamie ileus is the primary abnormality present this provides an explana- 
tion for the initial period of distention preceding the onset of obstructive 
symptoms and the development of torsion as the redundant sigmoid loop be- 
eomes weighted with accumulated fluid. As torsion progresses and the process 
enters its late phases, a true mechanical obstruction develops and circulatory 
embarrassment of the loop may oceur. If this concept is valid, the justification 
for the emergency treatment of sigmoid volvulus as if it were a primary 
mechanical bowel obstruction is open to question. 


REVIEW OF LITERATURE 


From 18 papers which have appeared in American literature since 1947, 
232 eases of sigmoid volvulus were collected. (Table I). The largest series 
is Becker’s' who presented 31 cases from the Charity Hospital in New Orleans. 
In the United States 3 per cent of all reported cases of large bowel obstruction 
are accounted for by sigmoid volvulus while in some European countries 
volvulus of the sigmoid is said to account for 30 per cent of large bowel ob- 
structions.’* The greater experience which some European surgeons have had 
with this condition is exemplified by Bruusgaard’s report of 91 cases from 
the Ullevaal Hospital in Norway.‘ 

Received for publication June 11, 1956. 


*Resident in Surgery, Veterans Administration Hospital, Des Moines, Iowa. 
**Associate Professor of Surgery, State University of Iowa Hospitals, Iowa City, Iowa. 
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All papers which deal with sigmoid volvulus consider it to be a closed- 
loop mechanical obstruction. The pathophysiology however is not clear. 
Most authors state that the sigmoid twists upon itself to produce the obstrue- 
tion and they list certain predisposing and exciting or precipitating factors 
as playing a role. Torsion is classified according to degrees by Gerwig*” ** 
who implies that the degree of vascular impairment is proportional to the 
degree of torsion. Nelson and Bowers,** however, state that the degree of 
vascular impairment depends upon the tightness of the twist rather than the 
number of turns. There appears to be general agreement that the predispos- 
ing factors are concerned with the anatomy of the sigmoid. The sigmoid loop 
must be long and redundant and the mesenterie attachment must be short 
across its base. Gardiner’ states that this is a finding of congenital origin 
in 20 to 25 per cent of persons. That this condition may also be acquired is 
hinted at amidst a long list of exciting or precipitating factors. 

The precipitating factors which have been mentioned in the literature 
include diets high in vegetable and residue content, external and internal 
injury from trauma, inereased intestinal motility as in severe purgation and 
lead poisoning, overexertion, heavy eating, constipation, pregnancy, mega- 
colon, tumors, feealiths, foreign bodies, and adhesions.” * © 1% *% °* 4" Certain 
clinical features of volvulus have been consistently observed. Its tendency 
to recur and its apparent affinity for the elderly are well known. Gabriel and 
his associates'* point out that the bedridden patient is more apt to develop 
volvulus of the sigmoid than the ambulatory patient. The preponderance of 
mental patients in several series is striking.’’ *** It is of interest that 
between 1946 and 1951, sigmoid volvulus aecounted for 25 per cent of the 
eases of large bowel obstruction seen among the inmates of the Arkansas State 
Mental Hospital.'° 

Attempts to correlate this information and to find a common denominator 
in the pathophysiology of volvulus of the sigmoid are not apparent in the 
literature. In 1950 Gerwig" reported 5 cases of volvulus of the sigmoid, and 
in one he felt that ileus was the exciting cause. He commented that he was 
unable to find previous references to ileus as a cause. 

Based upon the prevailing understanding of its pathophysiology, the 
emergency treatment of volvulus of the sigmoid has varied. Prior to 1947 
when the emergency treatment was almost exclusively surgical in this country 
the mortality rate was very high. For example, Griffin and his co-workers” 
reported 25 cases in 1945 in which the over-all mortality rate was 36 per cent. 
Ritvo and Golden*’ in a smaller series reported in 1946 had an over-all mortality 
of 40 per cent. On the other hand, in 1947, Bruusgaard’s report of the Nor- 
wegian experience with nonoperative reduction of sigmoid volvulus, which 
appeared in American literature,‘ stated reduction was accomplished in 136 
instances with only 4 deaths and the over-all patient mortality rate was only 
14 per cent. Since then several American authors have published their experi- 
ence with nonoperative reduction.** ** *° Owings** reported no deaths in 25 
cases. However, many surgeons have been reluctant to accept this form of 
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therapy on the grounds that the colon might be perforated during the proce- 
dure and that a closed-loop mechanical obstruction requires immediate surgical 
intervention by definition. 






REPORT OF CASES 


Twenty cases of sigmoid volvulus were seen at the State University of 
Iowa Hospitals during the past 10 years. A review of these cases provides 
historical and clinical data suggesting that inhibition ileus plays a role in the 
development of sigmoid volvulus. Seventeen patients were over 50 years of 
age. Seventeen resided under circumstances which could easily lead to nutri- 
tional deficiencies and poor attention to bowel evacuation. Eleven were 
inmates of nursing homes or mental hospitals, 5 were bedfast for periods of 
time up to 214 years, and 2 were elderly and lived alone. Only 8 patients could 
furnish a reliable history, and of these, 7 gave a history of chronic constipa- 
tion. 

Nutritional deficiencies were evident in 80 per cent of the patients. 
Descriptive terms such as poorly nourished, emaciated, or chronically ill were 
used to describe 14 of the patients at the time of their admission to the hospital. 
Of the remaining 6, 2 were dehydrated. In those 8 patients able to furnish a 
history, 3 had had previous episodes of distention and obstipation relieved by 
enemas. A fourth patient had had a transverse colostomy performed at 
another hospital for sigmoid obstruction 18 months previously. Subsequent 
barium enema and surgical exploration of this patient failed to show a lesion 
so the colostomy had been closed. This may have been an unrecognized bout 
of sigmoid volvulus similar to the episode for which the patient was admitted 
to the University Hospitals. 

Certain clinical observations were made which suggest that ileus may 
have preceded the development of volvulus. Abdominal distention was noted 
in an elderly patient who entered the hospital because of a fractured hip. 
A roentgenogram of the abdomen taken with the patient supine showed what 
was interpreted as ‘‘paralytie ileus.’’ She slowly deteriorated and at autopsy 
9 days later a walled-off perforation of the gall bladder and a volvulus of the 
sigmoid colon were found. Another patient was hospitalized because of 
gangrene of the lower extremity. Abdominal distention was noted. A roent- 
genogram of the abdomen showed a sigmoid volvulus and this was subsequently 
reduced by barium enema. The last 5 cases of sigmoid volvulus seen at this 
hospital had serum electrolyte studies performed at the time of admission. Four 
exhibited hypokalemia with serum potassium levels ranging from 2.5 to 3.8 
meq./l. In the fifth case there is reason to suspect that hypokalemia may have 
existed, but the patient was first seen during the terminal phase of his illness 
at a time when renal shutdown and probably generalized deterioration of 
metabolism were present. This patient’s serum potassium was 4.8 meq./]. In 
2 other cases the initial symptomatology was diarrhea for several days fol- 
lowed by distention and obstipation. It is reasonable to suspect that hypo- 
kalemia may have played a part in these cases, but unfortunately serum potas- 
sium concentrations were not determined. 
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The tendency for volvulus to recur following initial reduction is well 
demonstrated in this series. One patient, relieved by nonoperative means, 
steadfastly refused to undergo elective sigmoid resection. He developed sev- 
eral episodes of abdominal distention while in the hospital, and in each in- 
stance relief was obtained by inserting a rectal tube. Two patients developed 
repeated episodes of distention in the postoperative period, and in these there 
was dramatic relief of distention upon passage of a rectal tube. In one patient 
distention followed sigmoidopexy while in another it followed sigmoid resec- 
tion with primary anastomosis. Because of the latter’s obesity, hirsutism, 
and distention with persistent hypokalemia, the 24-hour urinary 17-ketosteroid 
output was measured along with the urinary potassium loss. It was concluded 
that this patient did not have Cushing’s disease and that her high urinary 
potassium loss and high 17-ketosteroid to creatinine ratio was due to the stress 
of her acute illness. Whether the urinary potassium loss was due to primary 
or secondary adrenal hyperfunction, the ease illustrates the way in which 
hypokalemia, ileus, and volvulus could be self-perpetuating on a metabolic as 
well as on an anatomie basis. Although the repeated episodes of obstipation 
and distention in this patient’s postoperative course were temporarily relieved 
by passage of a rectal tube, it was not until the hypokalemia was adequately 
corrected that the cycle of events was broken. 

The results of treatment further suggest that ileus may play a role in the 
development of sigmoid volvulus. Of the 20 patients in this series, half were 
sigmoidoscoped on admission and a rectal tube was passed under direct vision. 
In 8 instances the volvulus was successfully reduced by this method, while in 
2 instances there was failure. In 10 patients sigmoidoscopy was not attempted. 
However, barium enemas were done in 7 of the 10 patients and reduction was 
accomplished in 5. Thus in 13 of the 17 patients or 78 per cent in whom there 
was an attempted sigmoidoscopie reduction or a barium enema, the volvulus 
was successfully reduced. Perforation of the sigmoid resulting from instru- 
mentation or barium enema did not occur in this series and in no case was 
gangrenous bowel overlooked. 


TABLE II, Type OF EMERGENCY THERAPY AND MORTALITIES IN S. U. I. CASES oF SIGMOID 
VOLVULUS, JANUARY, 1945 TO Marcu, 1956 











TYPE OF THERAPY | NUMBER PATIENTS | DEATHS 
Successful nonop. reduction 8 0 
Emergency surgery (nonop. reduction 
attempted but failed) 4 0 


Emergency surgery (despite successful 





nonop. reduction) 5 ] 
Emergency surgery (nonop. reduction 

not attempted) 2 2 
No treatment (volvulus unrecognized) 1 1 
Total 20 4 (20%) 





The immediate therapy employed and the mortalities in the various ther- 
apy groups are indicated in Table II. Five of the 13 patients successfully re- 
duced by nonoperative measures were subjected to emergency operation 
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despite the reduction. In 4 instances a successful barium enema reduction 
was not recognized clinically. It is possible that the reduction occurred after 
fluoroscopy and that the evacuation which is usually a dramatic part of reduc- 
tion of volvulus was either assumed to represent the expelled barium enema 
and/or was known only to the lay hospital personnel who ordinarily transport 
patients from the x-ray department. In any event those in charge of these 4 
cases were not aware of the successful reductions as is indicated in the opera- 
tive reports. In the fifth instance reduction was known to have been accom- 
plished by sigmoidoscopie guidance of a catheter, but emergency operation 
was undertaken because the surgeon felt that he could not rule out the pres- 
ence of gangrenous bowel. The bowel was viable at laparotomy and upon 
review of the clinical record evidences of strangulation were not apparent. 


The over-all mortality rate was 20 per cent. Death occurred in one patient 
who was subjected to emergency laparotomy after unrecognized but success- 
ful barium enema reduction. At exploration the bowel was viable. Two 
patients died who were subjected to emergency exploration without attempts 
at nonoperative reduction. In one of these there was a perforation of the 
sigmoid. The fourth fatal outcome occurred in a patient who had a fractured 
hip and in whom the volvulus was found only on post-mortem examination. 


COMMENTS 


The concept that volvulus of the sigmoid colon is a complication of ileus 
is strengthened by the similarity between the exciting factors that have been 
listed as playing a part in the development of volvulus and those listed as 
causes of ileus. This concept would explain the period of distention which 
often precedes the onset of obstructive symptoms as well as the recurrences 
of sigmoid volvulus noted in those patients in whom the anatomic and other 
abnormalities producing ileus remain uncorrected. This concept helps to ex- 
plain the role played by diet and certain nutritional deficiencies in patients 
with volvulus of the sigmoid. Wangensteen*® lists the causes of inhibition 
(paralytic, adynamic) ileus as peritonitis, surgical or other trauma, retro- 
peritoneal tumors and hematomas, infectious fevers and sepsis, spinal injuries, 
fractures or excisions of rib, hyperextension fractures, and renal and gall- 
bladder colic. As a cause of spastic ileus Wangensteen mentions a case 
described by J. B. Murphy in 1896 in a patient who had previous attacks of 
lead colic. In addition he lists external injury, internal injury such as foreign 
bodies, worms, ulcers, and irritating intestinal content, neurasthenia, and 
hysteria. 

Another cause of ileus is hypokalemia. Potassium deficiency results in 
abdominal distention and the absence of stools in the experimental animal.® 
Holley and Carlson?* state that in man, potassium deficiency should be sus- 
pected whenever ileus fails to respond to the usual restorative measures. They 
point out that ileus may be the sole clinical manifestation of potassium de- 
ficiency. That hypokalemia may be dietary in origin is documented.® 1» 27 
The oceurrence of hypokalemia in sprue is known” and may serve to explain 
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the development of sigmoid volvulus in the 2 cases of sprue reported by Glazer 
and Adlersberg.*° The observations by those reporting in this country that 
sigmoid volvulus is predominantly a disease of old age and that it is most often 
encountered in persons who have been bedridden or who are inmates of nurs- 
ing homes or mental hospitals may well be related to the nutritional status 
of such individuals. The finding of hypokalemia in 4 patients and the proba- 
bility of hypokalemia in 3 others in the present series is an observation which 
has not previously been reported in patients with sigmoid volvulus but which 
supports the concept that volvulus may well be a complication of ileus and not 
a primary mechanical obstruction. 

Therapy which is based upon the premise that sigmoid volvulus is a 
primary mechanical bowel obstruction which requires immediate surgical 
intervention yields poorer results than nonoperative methods of initial manage- 
ment (Tables I and II). The over-all mortality rate in the 232 eases of sigmoid 
volvulus collected from American literature since 1947 is 22.8 per cent. This 
is twice as high as the 11.3 per cent mortality rate reported for bowel obstrue- 
tion in general*® but closely approaches the 25 per cent mortality rate reported 
for bowel obstruction in patients over 65 years of age.2!. This high mortality 
rate in the aged is attributed to nutritional defects and cardiac and renal prob- 
lems, which combine to make aged people ‘‘poor-risk’’ cases. It is not sur- 
prising that sigmoid volvulus which occurs in the same type of poor risk 
patient should carry a similarly high mortality rate if treated in the same 
manner as other types of intestinal obstruction. That the over-all mortality 
rate in sigmoid volvulus ean be significantly reduced has been demonstrated 
by both European‘ and American?* * series where the initial therapy is di- 
rected at nonoperative reduction and surgery is delayed until deficiencies are 
corrected. 

Why then has this plan of therapy (nonoperative reduction, correction of 
nutritional and other deficiencies and later operative treatment) not been 
uniformly adopted in this country? From reviewing the literature and sam- 
pling the opinions of practicing surgeons, 3 reasons become apparent. First, 
no one surgeon in the United States has had personal experience with a large 
series of cases in teaching centers or otherwise. Second, the disease is gen- 
erally considered to be a primary closed-loop mechanical obstruction, which 
implies the need for immediate surgical intervention. It is common for sur- 
geons to express the fear of unrecognized nonviable bowel. And third, there 
is expressed the fear of possible instrumental perforation of the sigmoid dur- 
ing nonoperative decompression. 

The Ullevaal Hospital experience* of 136 sigmoidoscopie reductions 
accomplished with only 4 deaths and with perforation of the sigmoid by in- 
strumentation in only 1 ease seems to be convineing evidence that such fears 
have been exaggerated. The reports of Hamlin®* and Owings* and the pres- 
ent series have also failed to demonstrate undue hazards with nonoperative 
methods of reduction. Some surgeons have stressed the value of sigmoido- 
seopie examination in all cases of large bowel obstruction.’ Of course this 
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implies that the sigmoidoscope will be advanced carefully and gently under 
direet vision, that the catheter will be soft and well lubricated and also passed 
with gentleness. Bruusgaard recommends the knee-chest position. The very 
ill patient will have to be placed in the left lateral position. It is also implied 
that the surgeon will carefully observe the patient for abdominal muscle 
spasm, tenderness, and rebound tenderness, as well as the patient’s tempera- 
ture, pulse, and white blood cell count. The surgeon must evaluate the peri- 
staltic sounds through use of his stethoscope and be aware of the significance 
of blood seen on sigmoidosecopie examination. The diagnosis of strangulation 
and perforation in the aged is admittedly difficult, but it is not impossible and 
in volvulus these complications are apparently sufficiently infrequent that the 
calculated risk of conservative emergency treatment is worth taking. 

Although reduction of a sigmoid volvulus can be accomplished by barium 
enema, this should not be considered to be a satisfactory alternative for sig- 
moidosecopie examination. By sigmoidoscopy the mucosa is visualized and one 
gains some idea of the condition of the bowel Passage of the catheter through 
the sigmoidoscope not only effects reduction but maintains it. And, finally, 
sigmoidoseopie examination will ensure against the unrecognized reduction 
which in this series occurred in 4 instances. Although chronie poor evacua- 
tion from a variety of causes predisposes certain patients to develop volvulus, 
the redundant sigmoid should in most instances be resected as soon as the 
patient’s general condition permits and the colon has been prepared. Emer- 
geney surgery should be limited to those patients in whom perforation or 
gangrene is suspected or in whom nonoperative methods fail to effect reduc- 
tion. Sinee these cases are the worst in a group of notoriously poor-risk pa- 
tients, the emergency surgical procedure used should be as simple as possible. 
Passage of a soft rectal catheter can be guided into the loop as it is untwisted 
by the surgeon and the abdomen closed. The sigmoid should be exteriorized 
if its viability is questioned or if it is perforated. 

When the 4 deaths in this series are evaluated, it appears likely that 1 
death was preventable and that 2 deaths were possibly preventable. The pa- 
tient whose bowel was viable at laparotomy, and in whom preoperatively 
successful reduction was unrecognized might well have lived if exploration 
had been deferred until the patient’s general condition had improved. The 
patient who received no treatment and in whom volvulus was found at autopsy 
might have been saved if those in attendance had been alert to the possibility 
of the volvulus and applied nonoperative treatment. One of the 2 patients 
operated upon without an attempt at nonoperative reduction had viable bowel, 
and he too might have survived had reduction been accomplished nonopera- 
tively. The fourth death was due to a perforation of the sigmoid in a patient 
who had no preoperative manipulation. Earlier recognition of the presence 
of volvulus is about all that could have improved the care of this patient. 

In spite of the demonstration by Bruusgaard, Hamlin, and Owings that 
nonoperative emergency treatment carries the lowest mortality, many sur- 
geons still do not use this method and some in fact reserve it for the poorest 
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risk patients. It is probable that teaching that sigmoid volvulus represents 
a primary closed-loop mechanical bowel obstruction accounts for much of the 
resistance to the use of a nonoperative method of emergency treatment. Al- 
though no claim for originality is hereby made, this presentation brings forth 
evidence to support the idea that sigmoid volvulus is a complication of ileus 
and should be treated on that basis. Sigmoid volvulus becomes a closed-loop 
obstruction which if untreated may lead to strangulation, necrosis, and per- 
foration, but these complications occur only in the late phases of the disease 
and at a time and in patients who, because of the neglect, are the least likely 
to survive any type of therapy. 


SUMMARY 


1. An analysis has been made of 323 eases of sigmoid volvulus from the 
literature and an additional 20 cases seen at the State University of lowa 
Hospitals. 

2. Evidence is presented in support of the theory that sigmoid volvulus 
is often a complication of ileus and not primarily a mechanical obstruction. 

3. Additional evidence is presented in support of the value of the non- 
operative emergency treatment of sigmoid volvulus by sigmoidoscopic reduc- 
tion which was introduced in this country by Bruusgaard. Emergency opera- 
tive procedures should be limited to those few cases where actual gangrene 
or perforation is suspected or where reduction of the volvulus cannot easily 
be accomplished by gentle sigmoidoscopic manipulation. Definitive operations 
should be deferred until the patient’s bowel has been prepared and his general 
condition is improved. 
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Erratum 


We regret the omission of the name of Dr. Shivaji Bhonslay from among the authors 
of the article entitled “Dacron Tube and Bifureation Arterial Prostheses Produced to 
Specification,” which appeared in the January, 1957, issue of the JOURNAL, pages 50-61. 
The listing of the authors on page 50 should read as follows: 


Ormand C, Julian, M.D., Chicago, Ill., Ralph A, Deterling, Jr., M.D., 
and Shivaji Bhonslay, M.D., New York, N. Y., H. H. Su, M.D., 
William S. Dye, M.D., and Mariano Lopez Belio, M.D., 
Chicago, Ill. 
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PANCREATIC PSEUDOCYSTS 
PRESENT CONCEPT AS TO ETIOLOGY AND TREATMENT 


Henry DovusiLet, M.D., New York, N. Y. 
(From the New York University College of Medicine) 


A PSEUDOCYST of the pancreas is one of the complications of an attack 
of acute necrotizing pancreatitis. It is formed by accumulation of pan- 
ereatic juice in the retroperitoneal space, as a result of necrosis and rupture of 
one or more pancreatic ducts. The pressure of pancreatic secretion maintains 
and extends this space until the resistance built up by the thickening eystie 
wall and by the surrounding tissues balances the resistance to the flow of pan- 
ereatiec juice through the sphincter of Oddi into the duodenum. Therefore, the 
pseudocyst, upon becoming stabilized, occupies a part of the retroperitoneal 
space, is full of old blood, necrotic tissue and pancreatic juice, and is in direct 
communication with the pancreatic ducts. Its rational treatment must be based 
on our understanding of the etiology and treatment of the underlying disease. 

Pancreatitis results from the action of pancreatic juice on acinar cells 
which have been injured. The exudate from the injured cells activates trypsino- 
gen, which then proceeds to digest these affected cells. In a small proportion 
of cases the injury may be produced by direct trauma, by viruses (such as 
mumps), or by interference with the blood supply, but in the great majority of 
eases, the basic injury results from reflux, under tension, of concentrated bile 
into the pancreatic ducts. This can oceur only in people in whom a common 
passageway is present, and only when the sphincter of Oddi is in spasm. Once 
the disease has become established, the injured pancreatic cells become suscep- 
tible to ingested fats or alcohol, so that these substances in themselves may 
produce attacks of acute pancreatitis. 

With proper treatment the pancreas will heal and regenerate, as evidenced 
by serial secretin tests, and lose its susceptibility to the injurious action of fat 
and aleohol. It therefore follows that the operation of sphincterotomy must be 
supplemented postoperatively by a strict low-fat and alcohol-free diet for a 
period of six months to two years before recovery can be considered complete. 

Based on these observations, it is evident that the definitive treatment of 
pseudoeysts (and of pancreatic fistulas that result from marsupialization of 
pseudoecysts) should be section of the sphineter of Oddi. This operation will not 
only allow the pseudocyst to collapse and disappear, but will also arrest the 
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underlying pancreatitis. Patients who persist in drinking aleohol after sphinc- 
terotomy may get recurrences of acute pancreatitis, but, in our experience, an- 
other pseudocyst will not develop because the pancreatic intraductal pressure 
remains at a low level. 

It is mandatory that in the treatment of a pseudocyst by sphincterotomy 
an operative pancreatogram be performed, since, if partial obstruction by a 
ealeulus or stricture is present, the operation will fail. Under such conditions, 
either the stone should be removed by direct incision of the pancreas, or, if that 
is impracticable, eystojejunostomy must be performed in addition to the sphine- 
terotomy. 

Many of the procedures presently recommended are irrational and do not 
attack the underlying pathologie condition. Marsupialization or drainage of a 
pseudocyst often leads to the formation of a persistent pancreatic fistula. It does 
not preclude further attacks of pancreatitis and formation of new eysts or other 
serious complications. Operations such as cystogastrostomy or cystojejunostomy 
in themselves consist essentially of the anastomosis of the gastrointestinal tract 
to the retroperitoneal space. The pseudocyst may be obliterated, but attacks of 
pancreatitis often recur and new eysts can and do form, in our experience. 
Excision of the pseudocyst is a formidable procedure since a pseudowall must be 
dissected free from the adjoining organs; often the operation has to include 
excision of the tail of the pancreas and the spleen. In addition, it does not stop 
further progress of the underlying pancreatitis. 





SURGERY IN THE TREATMENT OF SIGMOID DIVERTICULITIS 


J. EUGENE Lewis, Jr., M.D.,* Str. Louris, Mo., aNnp ALFRED Hurwitz, M.D.,** 
b] b 3 ’ ? > 
BrRooKLyn, N. Y. 


N OUR original paper! we reported a series of 10 surgically treated cases 

of sigmoid diverticulitis from the Veterans Administration Hospital, New- 
ington, Conn., and the Department of Surgery, Yale University School of 
Medicine. We emphasized the morbidity associated with the complications of 
diverticulitis and the futility of surgical measures short of adequate resection 
of the diseased segment. Enlargement of the indications for surgical interven- 
tion was suggested with early wide resection of the diseased segment and re- 
dundant sigmoid. 

We have continued to have a favorable experience with primary resection 
and anastomosis for sigmoid diverticulitis. Although we have no follow-up of the 
patients in the original paper, the follow-up report of 23 patients studied dur- 
ing the past 3 years has shown excellent results from excision of the sigmoid 
diverticulitis. 


*Associate Professor of Surgery, St. Louis University Medical School, St. Louis, Mo. 
**Department of Surgery, 4802 Tenth Ave., Brooklyn, N. Y. 
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We have been favorably impressed with the recent reports of Dr. Claude 
Welch concerning the surgical management of diverticulitis of the colon and 
have found his views to be in line with our own.? 

At present we believe that primary resection is indicated in the absence 
of severe complications: (1) when there has been a history of recurrent at- 
tacks of diverticulitis; (2) following a single severe attack of diverticulitis, 
especially if the patient is under the age of 50, and if the attack is characterized 
by the presence of urinary symptoms, or symptoms of small bowel obstrue- 
tion; (3) when the clinical history, physical findings, or x-ray are suggestive of 
eancer; (4) when diverticulitis is complicated by associated hemorrhage; (5) 
when diverticulitis is associated with small peridiverticular abscesses or eneap- 
sulated mesenteric abscesses; and (6) when diverticulitis with subacute obstrue- 
tion responds to conservative therapy. 

We continue to perform a wide resection of the diseased segment and to 
emphasize the value of removing the redundant sigmoid converting the colon 
into a straight tube in an effort to obviate stasis. Only in patients whose lesions 
grossly appear to be cancer are the left colon, splenic flexure, and the associated 
lymph nodes removed en bloc. The presence of diverticula in areas of the 
colon other than the sigmoid has been ignored in resection of the diseased sig- 
moid segment. It should not be forgotten that diverticulitis is serious because 
of the severe localized process. 

A right transverse colostomy is the procedure of choice in staged operations 
where complete diversion of the feeal stream is desired. Diversion has been 
reserved for large abscesses, free perforation with peritonitis, complete obstrue- 
tion, and associated severe fistulas. We continue to deplore the use of a cecos- 
tomy. Resections have been performed 3 to 6 weeks after the colostomy, de- 
pending on the clinical course. There is no place for closure of the colostomy 
without resection in the surgical treatment of sigmoid diverticulitis. 

The details of surgical technique have been ably presented by Welch and 
Rodkey and are similar to our own. A careful anastomosis, free of tension, 
with a good blood supply is the sine qua non of good results. 
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Notice 


Because of the large number of original communications awaiting publication 
in SURGERY, case reports are no longer being accepted. 
—THE EDITORS. 
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Surgery of the Heart. By Charles P. Bailey. Philadelphia, 1955, Lea & Febiger. Pp. 1062. 


The threefold objectives of this book are stated in the preface—(1) to present 
surgical techniques which have been developed at the Bailey Thoracic Clinic, or have 
proved sound in the hands of the author or his associates, (2) to stimulate students in 
cardiac surgery, internal medicine, and pediatric cardiology by pointing out current surgical 
possibilities in cardiac surgery, and (3) to acquaint physicians with concepts, indications, 
and contraindications for surgery, inherent operative risks, and the likelihood of attaining 
a satisfactory clinical result. 

This book is divided into three major sections—general considerations, surgery for 
congenital heart disease, and surgery for acquired heart disease. The 671 figures in the 
book contain 1452 excellent illustrations, which add much to the clarity of the written 
words. : 

The boundless enthusiasm and pioneering efforts of Bailey and his associates in 
surgery of the heart are well known, and their experiences are detailed in presenting 
historical background, anatomy, pathology, physiology, and operative treatment of con- 
genital and acquired heart disease. 

Doctor Bailey has provided the medical profession with a most interesting and 


informative text on surgery of the heart. 
—Gilbert 8. Campbell 


Manual of Recovery Room Care, Edited by John M. Beal. New York, 1956, The Mac- 
millan Co, Pp. 96. $3.75. 


The editor of this manual has pooled the experiences of 14 specialists qualified in 
their respective fields from the staff of the New York Hospital—Cornell Medical Center to 
cover various pertinent aspects of patient care during the recovery room period. The 
result is a practical outline excellent for instruction and reference for surgeons, anes- 
thesiologists, and nurses alike in their efforts to provide optimal postoperative care. 

The chapters dealing with administrative considerations, special aspects of recovery 
room nursing, management of pain, respiration, and inhalation therapy, circulation, and 
the administration of intravenous fluids are succinctly and well discussed. The post- 
operative care of the general surgical patient is outlined according to the site of opera- 
tion, and essential features peculiar to the respective types of surgery are stressed. Indi- 
vidual chapters are devoted to the management of patients following thoracotomy, 
neurosurgical, urologic, orthopedic, ophthalmologic, plastic, and otolaryngologie operative pro- 
cedures. Special setups employed after thoracotomies as well as those for urinary bladder and 
kidney drainage are depicted. The final chapter is devoted to recognition and treatment 
of “eardiae arrest,” with a concise outline of a step-by-step time schedule. This should 
be of assistance in the handling of this most serious emergency. 

It is the opinion of the reviewer that insufficient emphasis is placed upon the rela- 
tionship between agents and methods of anesthesia and reactions to be anticipated; no 
mention is made concerning the patient who underwent surgery under spinal analgesia. 
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Transfusion reactions are described but specific therapy is not suggested. It is felt 
that the importance of keeping a constant emergency supply of plasma and some of the 
plasma substitutes at hand should be emphasized. 

One typographical error is found in the first line on page 96 in the chapter on cardiac 
arrest. The statement reads: “Artificial respiration must be started at once—CO, by 
mask at first, intubation later.” The CO, should be corrected to read O.. 

Despite these minor criticisms, I have found the manual to be one of the most usefu! 
currently available, and I wish to commend the authors for their comprehensive and 
pragmatic presentations. It should be studied by all those responsible for recovery room 
efficiency. It also will be of considerable value in the planning for a recovery room. 

—Rose Engel 


Wire Brush Surgery. By James W. Burks, Jr. Springfield, Ill, 1956, Charles C Thomas. 


This is a monograph covering the area of cosmetic dermatologic surgery performed 
by methods of surgical planing. The author prefaces this book by placing the procedural 
material in its proper position between routine dermatology and plastic surgery, pointing 
out its usefulness and not apologizing for its primarily cosmetic attainment. He correctly 
tries to apply a brake on enthusiasts who may undertake the procedure, because the book 
is so well written in precise details that one would be tempted to work from this book 
alone in performing such procedures. Initial portions of the book cover history of these 
techniques and in this part the problems which have suppressed it over its long history 
are brought out. The anatomy and the pathologic findings following surgical planing are 
presented with detail and yood microphotographs. Quite rightly, there is a discussion of 
the psychologic problems related to it and adequate emphasis upon the careful handling 
of the patient to avoid potential medicolegal problems. Equipment, supplies, and detailed 
methods are described and illustrated. Specific clinical problems, illustrated with many 
photographs before and after treatment, are discussed and in many places reviewing 
previously described methodology. Postoperative care and timing are given in detail. 
There can be little question that the method holds considerable promise for the treatment 
of acne vulgaris in practically all stages, for the treatment of pockscars, for the smoothing 
out of small and irregular traumatic scars, and moderately useful for handling rhinophyma 
and keloids. It is somewhat difficult for me to see more than a minimal use in the treat- 
ment of nevi. This is a textbook for anyone planning to perform planing surgery, a useful 
text for the plastic surgeon to indicate ways of supplementing present sandpapering and 
wire brush techniques and strongly suggested reading for the dermatologist who may 
handle any acne and similar cosmetic problems. 

—Peter V. Moulder 


Peripheral Vascular Disease. By A. J. Barnett and J. R. E. Fraser. Carlton, N.E., Vie 
toria, Australia, Melbourne University Press. Pp, 219, 319 ills. 


This is a short book that gives a brief but clear introduction into a very large field. 
The historical background is short but the section on vascular physiology is very adequate. 
There is an excellent discussion of the techniques, signs, and symptoms in physical diag 
nosis. The concepts of surgical management are noticeably lacking and treatment is only 
covered in brief throughout. 
In general this manuscript presents a very good introduction into vascular diseases 
The mode of writing is easy to read and to understand. The illustrations are excellent. 
—Thomas O. Murphy 


The Blood-Brain Barrier. Ky Louis Bakay. Springfield, Ill. Charles C Thomas. Pp. 154. 


In a brief historical introduction the discovery of the blood-brain barrier and the 
essential earlier concepts about this barrier are described. It was discovered by Paul 
Ehrlich in 1885, and Goldman in 1908 concluded that the barrier was in the choroid plexus, 
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a concept that is now known to be erroneous. In the 1920’s when it was thought that the 
cerebrospinal fluid supplied the brain with all its electrolytes the blood cerebrospinal fluid 
barrier was confused with the blood-brain barrier and far-fetched conclusions were drawn 
from experiments which measured only the blood cerebrospinal fluid barrier. 

In 1929 and 1931 it was demonstrated that there were both a blood-brain barrier and 
a blood cerebrospinal fluid barrier and that certain substances do not pass each with equal 
facility. Most of these early experiments on the blood-brain barrier were made with vital 
dyes and gave no information on the exchange of ions through the barrier and also most 
experiments ignored the time factor or rate at which the dye passed the barrier as well 
as the relation between the plasma concentration in relation to the rate the substance 
passed the barrier. Eventually electrolytes were used and the rate of their passage 
between the blood and brain or cerebrospinal fluid determined, but this required laborious 
analysis which the author has been able to circumvent by the use of radioactive isotopes. 

The various theories concerning the anatomic location of the blood-brain barrier are 
discussed and the statement is made that although radioactive tracer studies have not 
conclusively settled the question they do suggest that the blood-brain barrier is located 
at the capillary level. Electrical charge of ions has been shown not to be essential in 
determining their passage from the blood to brain tissue as has been maintained for dyes. 

The author used both radioautographs and direct counting of radioactivity in tissue 
samples to determine the isotope content. These counts when reduced to counts per minute 
per milligram of tissue are called specific activity. The ions of a variety of substances 
have been demonstrated to be inhibited from passing readily through the blood-brain 
barrier from the plasma to brain tissue. 

Phosphorous apparently passes much more readily from the plasma into the cerebro- 
spinal fluid than from the plasma into the nerve tissues. But phosphorous injected into 
the cerebrospinal fluid is rapidly absorbed into the nerve tissue, more into the cortex than 
into the white substance. A rapid phosphorous metabolism binds this phosphorous in the 
nerve tissue. 

All vertebrates are found to have a blood-brain barrier. It is present but more 
permeable in embryos and very young animals. Alterations in permeability of the blood- 
brain barrier are not achieved by any physiologic means but can be changed by many 
agents, physical, chemical, infectious, or neoplastic. 

The literature on the blood-brain barrier is extensively reviewed and the above 
conelusions are drawn from the literature, or the author’s experiments, or both. 

This small book so limited in scope will be of interest to a small group composed of 
physiologists, especially neurophysiologists and those who are doing or have done research 
pertaining to the blood-brain barrier. 

—William T. Peyton 





Erratum 


In the January issue of the JOURNAL, page 174, in the review of the book, Cancer of 
the Esophagus and Stomach, by Owen H. Wangensteen, the fourth sentence in the second 
paragraph should read as follows: ‘‘ Moreover, Wangensteen states that essentially 75 per 
cent of all patients with gastric carcinoma have nodal metastases at the time of operation and 
that this percentage of nodal involvement has not been materially reduced during the past 
few decades. ’’ 
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Calendar of Surgical Meetings 
1957 


AMERICAN ACADEMY OF NEUROLOGICAL SURGERY. Annual Meeting, Nov. 11-13, 1957, The 
Cloister, Sea Island, Ga. Deadline for papers, Aug. 15, 1957... Secretary, Dr. Eben 
Alexander, Jr., Bowman Gray School of Medicine, Winston-Salem, N. C. Attendance 
at meetings by invitation only. 

THE AMERICAN ASSOCIATION FOR THORACIC SuRGERY. Annual Meeting, May 4, 6, and 7, 1957, 
The Palmer House, Chicago, Ill. Deadline for papers, Dec. 15, 1956. Secretary, H. T. 
Langston, M.D., 1919 West Taylor St., Chicago 12, Ill. 

AMERICAN ASSOCIATION OF GENITO-URINARY SURGEONS. Annual Meeting, May 1, 2, and 3, 
1957, The Homestead, Hot Springs, Va. Secretary, John A. Taylor, M.D., 2 East 54th 
Street, New York 22, N, Y. 

AMERICAN ASSOCIATION FOR THE SURGERY OF TRAUMA. Annual Meeting, Oct. 31, Nov. 1 and 
2, 1957, The Homestead, Hot Springs, Va. Deadline for papers, Aug. 1, 1957. Secre- 
tary, James K. Stack, 700 N. Michigan Ave., Chicago 11, Ill. 

AMERICAN CANCER SOCIETY. Annual Meeting, Oct. 28-29, 1957, Park-Sheraton Hotel, New 
York City, N. Y. Participation by invitation only. 

AMERICAN COLLEGE OF SURGEONS. Sectional Meetings, 1957: March 18-20, The Sheraton- 
Park Hotel, Washington, D. C.; March 25-27, The Royal York, Toronto, Ontario. 
Clinical Congress, Oct. 14-18, Convention Hall, Atlantic City, N. J. Secretary of the 
College, Michael L. Mason, 154 E. Erie St., Chicago 11, Tl. 

AMERICAN GYNECOLOGICAL Society. Annual Meeting, May 27, 28, and 29, 1957, The Home- 
stead, Hot Springs, Va. Secretary, Andrew A. Marchetti, M.D., Georgetown University 
Hospital, Washington 7, D. C. 

AMERICAN MEDICAL ASSOCIATION. Annual Meeting, June 3-7, 1957, Coliseum, New York, N. Y. 
Deadline for papers, Dec. 15, 1956. Clinical Meeting, Dec. 3-6, 1957, Auditorium, Phila- 
delphia, Pa. Deadline for papers, July 15, 1957. Secretary, American Medical Associa- 
tion, George F. Lull, M.D.; Secretary, Council on Scientific Assembly, Thomas G. Hull, 
M.D.; address of both, 535 North Dearborn Street, Chicago 10, Il. 

AMERICAN SURGICAL ASSOCIATION. Annual Meeting, May 8, 9, and 10, 1957, The Palmer 
House, Chicago, Ill. Secretary, R. K. Gilchrist, M.D., 59 East Madison Street, Chicago 3, 
Til. 


AMERICAN UROLOGICAL ASSOCIATION. Annual Meeting, May 6-9, 1957, William Penn Hotel, 
Pittsburgh, Pa. Deadline for papers, Jan. 1, 1957. Secretary, Samuel] L. Raines, M.D., 
188 S. Bellevue Blvd., Memphis, Tenn. 

THE CENTRAL SURGICAL ASSOCIATION. Annual Meeting, Feb. 21-23, 1957, The Drake Hotel, 
Chicago, Ill. Deadline for papers, Oct. 15, 1956. Secretary, Charles D. Branch, M.D., 
102 North St., Peoria, Til. 

THe Harvey Cusuine Society. Annual Meeting, April 25-27, 1957, Hotel Statler, Detroit, 
Mich. Secretary, David L. Reeves, M.D., 316 W. Junipero St., Santa Barbara, Calif. 

SouTHERN SuRGICAL ASSOCIATION. Annual Meeting, Dec. 10-12, 1957, Greenbrier Hotel, White 
Sulphur Springs, W. Va. Secretary, George G. Finney, M.D., 2947 St. Paul St., Balti- 
more 18, Md. Guests are invited by the Secretary at the request of the Membership. 

New ENGLAND Suraicat Society. Annual Meeting, Oct. 4 and 5, 1957, Mount Washington 
Hotel, Burton Woods, N. H. Deadline for papers, June 1, 1957. Secretary, Richard 
Warren, M.D., Peter Bent Brigham Hospital, 721 Huntington Avenue, Boston 15, Mass. 

PAN-Pactric SuRGICAL ASSOCIATION. Seventh Congress, Nov. 14-22, 1957. Honolulu, Hawaii. 
Director General, F. J. Pinkerton, M.D., Room 230, Young Building, Honolulu, Hawaii. 

THe Socrery FoR VascuLarR SurGERY. Annual Meeting, June 2, 1957, Hotel Biltmore, New 
York, N. Y. Secretary, Henry Swan, M.D., 4200 E. 9th Avenue, Denver, Colo. 

MEDICAL SOCIETY OF THE ISTHMIAN CANAL ZONE. Second Inter-American Medical Convention, 
April 3, 4, and 5, 1957, Hotel El Panama, Panama City, Republic of Panama. For 
further information write Dr. William T. Bailey, Chairman of the Convention Executive 
Committee, Department of Medicine, Gorgas Hospital, Ancon, Panama Canal Zone. 
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